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Arr. XLIX.—Respiration of Plants; by W. P. Witson, 5.D. 


THE process of breathing in animals and plants is essentially 
the same. In both the free oxygen from the air, or surround- 
ing medium, is carried into the living tissues, where, after a 
series of chemical changes, carbonic acid, water and perhaps 
some minor compounds are evolved as excretory products. 

The changes in the living cell, alike in animals and _ plants, 
determine the amount of oxygen taken up and the products 
given off. In both an increase of temperature is a direct effect 
of respiration. 

In this process of respiration, for plants as well as animals, a 
certain amount of absolutely necessary force is secured for sup- 
plying the life-functions of the organism. If either the living 
animal- or plant-cell be deprived of oxygen for any considerable 
length of time the life activities cease, and, later, death ensues. 
This oxygen-respiration is then a constant need of the living 
cell, whether it be of plant or animal. 

When plants possessing chlorophyll are exposed to the sun- 
light they carry on a process of assimilation, in which organic 
substance is produced from carbonic acid and water, and oxy- 
gen set free. The amount of carbonic acid decomposed and of 
oxygen given off, in this preparation of organic food for the 
plant, far exceeds, as a rule, the carbonic acid excreted and the 
oxygen taken up in respiration. Thus it happens that the 
process of respiration, in plants containing chlorophyll and 
exposed to the light, is a hidden one, and difficult of demon- 
stration. 

Am. Jour. Scit.—Tuirp SeEriEs, VoL. XXIII, No. 188.—June, 1882. 
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When plants are deprived of every trace of free oxygen by 
placing them in an atmosphere of nitrogen or of hydrogen, 
they still continue, so long as life exists, to excrete carbonic 
acid. The discovery of this fact, which has been observed for 
animals as well as plants, is not of recent date, although its 
signification was only recently understood. As early as 1798 
Rollo* observed that barley, which had been wet for two days 
and then placed in a vacuum, excreted carbonic acid; and that 
at the end of twelve days, the amount equaled six times the 
volume of the barley. 

Saussuret+ placed plants in an atmosphere of nitrogen to see 
if they would grow, and found that they excreted carbonic 
acid, which he remarks must have been produced at the ex- 
pense of the substance of the plants. 

At a still later date Bérard,t while experimenting on the 
preservation of fruits, placed green pears in a vacuum and 
observed for several days following an excretion of carbonic 
acid, 

Broughton$ and also W. Pfeffer) have recorded the same 
phenomenon in plants deprived of free oxygen. 

In 1875, Pfliiger® obtained some very interesting results in 
animal respiration whileexperimenting on frogs. These animals, 
placed in an atmosphere of nitrogen, were found during the 
first five hours and a half to expire neariy the same amount of 
carbonic acid as if they had been placed in pure oxygen. In 
another of Pfliiger’s experiments, a frog continued to give off 
carbonic acid during eleven consecutive hours, and at the end 
of that time had apparently lost none of its normal powers 
Pfliiger showed that these chemical activities, which result in 
the expiration of carbonic acid in the absence of free oxygen, 


take place in the cells. He named the process intramolecula 


resprration, 

In 1878 a critical résumé on the nature and signification of 
respiration in plants,** written by W. Pfeffer, brought togethe: 
all the then known facts which could be made to bear on this 
subject. The similarity existing between animal and plant 
respiration was sharply noted, and the term ‘ntramoleculur 
respiration, taken from Pfliiger, was made to cover a like series 
of phenomena in plant life, viz: the chemical changes continu 


* Annales de Chimie, 1798, vol. xxv. p. 42 

+ Recherches Chimiques, 1804, p. 201 

t Annal. de Chimie et de Physique, vol. xvi 

§ Bot. Zeit. 1870, p. 647 

| Arbeit. d. Wirzburger Instituts, 1871, Bd. I, p. 34 

@ Archiv. fiir Physiologie, Bd. X. 1875, p. 313 Ptliiger gives other refer 
ences to investigators in animal physiology who had made similar experiments or 
frogs, dating back into the 18th century 

** Das Wesen und die Bedeutung der Athmung in der Pflanze, Landwirth- 


schaftliche Jahrbiicher. 1878, Bd, VII, p. 805 
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ing to take place in the plant-cell after oxygen has been with- 
drawn, resulting always in the production of carbonic acid, and 
often in other more or less important products. In this article 
the author lays great stress on intramolecular respiration as being 
the first cause of the oxygen or normal respiration. 

One of the next works of any special importance on plant 
respiration appeared in 1879.* Wortmann measured and com- 
pared the carbonic acid expired from germinating plants placed 
in common air, with that given off from an equal number of 
plants placed in a vacuum, 

He states that for short periods of time (from one to three 
hours), the presence or absence of free oxygen makes absolutely 
no difference in the amount of excreted carbonic acid gas. On 
the basis of these results he proposed a new theory, viz: that 
all the carbonic acid produced in plant respiration has its origin 
in intramolecular decompositions; or, in other words, that the 
free oxygen of the air takes no direct part in the formation of 
the carbonic acid in respiration. 

The following paragraphs consider briefly one phase of intra- 
molecular respiration and give in very condensed abstract a 
series of experiments which will later be published in — 

The main question, here discussed, is whether the carbonic 
acid excreted in plant-respiration 7s or 1s not a partial product of 
direct oxidation From the Sree oxygen of the air. 

To decide this question, quantitative measurements were 
made of the expired carbonic acid from the same plants placed 
both in airand in hydrogen gas. The methods of experimenta- 
tion used were the following: a constant current of air, previ- 
ously freed from carbonic acid, was passed by means of an 
aspirator, first through a large number of germinating seeds, or 
other objects to be experimented upon, and then through long 
tubes filled with barium hydrate in which the carbonic acid 
given off by the seedlings was absorbed, essentially in accord- 
ance with Pettenkofer's method.t After a given time had 
elapsed, hydrogen, as an indifferent gas, was used to replace 
the air. This was quickly done by exhausting the air in the 
seed-vessel and tubes leading thereto, and then introducing 
hydrogen to take its place. A constant current of hydrogen 
was then passed over the seedlings, precisely as had been done 
previously with air. 

The carbonic acid was determined for either half hourly or 
hourly intervals. This was easily accomplished by using two 

* Wortmann, tiver die Beziehungen der intramolecularen zur normalen Athmung 
ler Pflanze, in Arbeit d. Wirzburg Instituts, 1880, Bd. IT, p. 500. 

+ A much shorter abstract than the present appeared in German in “Flora,” 
No, 6, 1882. 

t Abhandlungen der Akademie d. Wissenschaften in Miinchen, Cl. I], Bd. TX. 
Abth. I], p. 229. 
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absorption tubes filled with barium hydrate, and so connected 
together by glass stopcocks that the current of air or gas, when 
passing through one tube, could be instantly turned through 
the other without interruption. Thus while the current passed 
through one tube, the other could be removed, emptied, refilled 
and replaced for the next half hour's determination. 

In conducting an experiment, measurements were made first 
in air for several half hours, then the air was replaced by 
hydrogen, and after an equal number of half hours, for hydro- 
gen was again substituted air, in which the third series of deter- 
minations took place. The last series in air was used to com- 
pare with the first, and it readily showed whether the seedlings 
had undergone any lasting change for want of oxygen. The 
temperature of the plants for any given experiment was not 
allowed to vary; also the current of air or gas was held con- 
stant for all the successive half hours. 

A great advantage in the methods here adopted lay in sub- 
jecting the same seedlings, first to air, and then to hydrogen; 
thus the products of the respiration of the same plants under 
these two different conditions could be compared,* 

A large number of seedlings were employed (from one to 
several hundred, according to size), thus ensuring the produc- 
tion of a comparatively large amount of carbonic acid in a 
short space of time, with which much more accurate measure- 
ments could be made than with small quantities. The amount 
of carbonic acid was determined by the voluimetric method, 

According to the investigations of \Yortmann with seedlings 
of Vicia Fabu, Phaseolus multiflorus and some others, the ear- 
bonic acid excreted in short spaces of time, one to three hours, 
was found to be the same whether oxygen Was present or not.+ 

In the case of seedlings of Viet Faba, with which Wortmann 
mostly experimented, | have found this to be substantially 
trae; forall other germinating plants, flowers, or parts of plants 
there was an immediate decrease in the carbonic acid produced 
when oxygen was excluded, The first half hour's respiration 
in hydrogen often yielded but one third or even one-fourth the 
carbonic acid produced by the preceding half hour’s respiration 
in air. After three or four consecutive half hours of intramole- 
cular respiration, sometimes from the very first, a steady 
decrease in the carbonic acid was recorded for every following 
half hour. This was also found to be true for Vieta Fada. 
The following are the results obtained from 

* Wortmann used two sets of plants, as nearly alike as selection would permit 
one in vacuum compared with one in air. 

+ “Als ich jedoch die in ganz kurzen Zeitraumen—-nach der ersten, zweiten und 
dritten Stunde—-ausgeschiedenen Kohlensiuremengen mit einander verglich, so 
fand ich jedesmal. ‘dass das in dieser Zeit durch intramoleculare Athmung ausge- 
schiedene Kohlensaurevolumen dem durch normale Athmung erzeugten gleich ist.’ ’ 
Wortmann, |. ¢., p. 509 
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Lupinus luteus. 


Ist half hour, 
2d half hour, 
3d half hour, 


I. Period. Air. 
\ 
( 4th half hour, 
\ 
( 


II. Period. Hydrogen. 


5th half hour, 


IIT. Period, Air. 6th half hour, 


The py irative decrease in the amount of expired carbonic 
acid in hydrogen is here greater than with many plants. The 
follow? ing ‘fungus shows much less difference: 


Cauntharellus cibarius. 
I, Period. Air. 
H. Period. Hydrogen. | 
Ill. Period. Air. 


hour 
hour 
hour 
| 


mur 


It will be seen that with Lup/ius luteus less carbonic acid was 
measured in the fifth than in the sixth half hour. This is 
partially based upon the fact that at the beginning of the fifth 
half hour the seed-vessels contained less carbonic acid than at 
the beginning of the sixth. With a constant current of air and 
a constant production of carbonic acid, it requires a little time 
after the airor gas has been changed before an equilibriam 


between the produce ed and the out-flowing gas establishes itself. 

Among a large variety of germinating plants, branches with 
leaves, flowers, fruits and fungi. Viera Kaba has been the only 
plant which has given results differing from the above. 

That the volume of carbonic acid expired in normal and in 
intramolecular respiration is the same, is, therefore, in aecor- 
dance with the facts above stated, untrue. The theory which 
Wortmann founded upon this fallacy, viz: that the total 
volume of carbonic acid excreted in plant-respiration has its 
origin absolutely independent of the oxygen of the air, in 
intramolecular decompositions, falls also to the ground. 

Moreover, if it had been found by experiment, that the 
volume of carbonic acid given off in intramolecular equaled 
that of normal respiration, Wortmann’s theory would still fail, 

This has been well shown by W. Pfeffer, in saying, substan- 
tially: if an equal amount of carbonic acid were formed in 
both intramolecular and normal respiration this would only 
prove that the same number of carbon affinities for oxygen had 
been satisfied in each case, would in no way indicate from 
whence the supply of oxygen came. And in case free oxygen 
was active in normal respiration, still in intramolecular, when 
free oxygen was absent, the full supply might yet be obtained 
through constant powerful attractive forees which could take 
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oxygen from other combinations, and in this way give rise to 
secondary changes.* 

Partial presence of Oxygqen.—W hen seedlings of Helianthus 
annuus are placed in a current of common air for a given 
period of time, and then for the same length of time are ex- 
posed to a current of air made up of a mixture of one-fifth air 
and fourth-fifths hydrogen, a comparison of the excreted car- 
bonie acid in both cases shows no difference whatever. Sufhi- 
cient oxygen is present in the mixture to supply all demands 
made by the plants. When, however, the expired carbonic 
acid in the respiration of plants, placed first in air, and then in 
a mixture of s', air and $8 hydrogen, is compared, one finds the 
amount much greater during respiration in air. Thus a trifle 
over one per cent of oxygen in the air is not sufficient to supply 
the demands for this gas made by such seedlings. 

Influence of hght on respiration.—The presence of light does 
not in any appreciable degree directly affect the amount of 
varbonic acid given off in the respiration of plants. I have 
experimented on Orobanche, Monotropa, Fungi and seedlings 
of several kinds. Neither in air nor in hydrogen gas, for plants 
placed in the light or in the dark, is there any difference in 
the excreted carbonic acid which can be measured.t 


Tubingen, Wiirtemberg. April, 1882. 


ART. i= On the Muestion of Electrification by Evaporation s by 
S. H. FREEMAN, Fellow in Physics in Johns Hopkins Uni- 
versity, Baltimore, Md. 


Ir has been very commonly believed that evaporation is an 
important source of atmospheric electricity. So far as this be- 
lief has an experimental basis, it is to be found in the researches 
of Pouillet,t and of Tait and Wanklvyn.§ In comparison with 
their work the experiments of Volta, Saussure and others are of 
little value. As the result of an elaborate series of experiments 
Pouillet came to the following conclusions: 

1. Simple changes of state never give the least sign of elec- 
trification. 

* Denn daraus folgt nur, dass in beiden Fallen gleichviel Affinitaten des Kohlen- 
stoffs mit Sauerstoff gesattigt werden, nicht woher dieser stammt, und falls der 
freie Sauerstoff mitwirkte. konnten beim Fehlen dieses die fortdaueruden, machti- 
gen, Anziehungskrafte :inmehr ihre volle Befriedigung finden, indem sie durch 
Entreissung von Sauerstoff aus anderweitigen Verbindungen eben die Veranlas 
sung zu sekundiaren Prozessen werden. Pfeffer, Pflanzenphysiologie, Bd. I, 1881 
p. 371. 

+ The methods of analysis which have used allowed the detection of one- 
tenth of a milligram of carbonic acid without difficulty. 

t Annales de Chimie et de Physique, IJ, tome xxxv, p. 401, and xxxvi. p. 4. 

§ Phil. Mag., IV, vol. xxiii. p. 494 





S. H. Freeman—Electrification by Evaporation. 429. 


2. From solutions of alkaline solids the water —— 
carries away a negative charge. 

3. From solutions of gases, acids or salts the water carries off 
a positive charge. 

Tait and Wanklyn repeated Pouillet’s experiments with 
much more sensitive electrometer. — detected electritica- 
tion where Pouillet had failed to do so, e. g., in the evaporation 
of distilled water; and in some other cases ‘the effects obtained 
were totally different in kind and degree from those obtained 
by Pouillet and earlier experimenters. 

In these experiments a few drops of liquid were dashed on a 
red hot platinum dish insulated and connected with an electro- 
meter. So long as the spheroidal state continued, little or no 
electrification was observed; but as soon as violent vaporization 
began, decided deflections were obtained. This fact and other 
circumstances about the experiments indicate that friction was 
the chief source of electrification and make it doubtful whether 
evaporation had any part in producing the observed electrifica- 
tion. Tait and Wanklyn recognized the fact that to friction 
was due a large part of the electrification which they obtained. 
Still, in his lecture on Thunder Storms,* Professor Tait, speak- 
ing of atmospheric electricity, says: **In calm, clear weather 
the atmospheric charge is usually positive. This is very com- 
monly attributed to evaporation of water, and I see no reason 
to doubt that the phenomena are closely connected.” After 
reading these lectures the writer of this article decided to inves- 
tigate whether evaporation alone and under normal conditions 

causes electrification, and whether such electrification, if any, 
is sufficient to account for the phenomena of atmospheric elec- 
tricity. In this connection it will be remembered that Faraday 
traced the electricity, produced by the escape of steam or water 
from orifices, to friction, and concluded it was not due to evap- 
oration, nor did it have any bearing on atmospheric electricity. 

The investigation was begun with the expectation on the 
part of the writer of finding electrification. Professor Row- 
land, to whom the author is much indebted, believed that no 
electrification would be found. In any case the subject seemed 
important enough to warrant experiments which were free from 
the objections which hold against those already described. At 
the very beginning Of the investigation it was found that at 
most the electrification due to evaporation would be extremely 
small and very great caution would be necessary to eliminate 
various sources of error. The apparatus finally used consisted 
of an evaporating dish 19™ in diameter and 1™ deep, insulated, 
and connected with one pair of quadrants of a Thomson’s quad- 
rant electrometer. The other pair of quadrants and the case of 


* Nature, vol. xxii, p. 340. 
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the electrometer were connected with earth. By means of a 
mereury.commutator the evaporating dish and its connections 
could also be connected with earth. The ev: aporating dish was 
supported on a wire frame suspe nded by silk threads. To pre- 
vent disturbances due to electricity on neighboring objects, par- 
ticularly the clothes of the observer, it was found necessary to 
enclose the whole apparatus in a me stallic case. Openings were 
made in this case to —— evaporation and to permit the 
mirror of the electrometer to be seen. The commutator was 
governed by a silk thread vaiiakie through an opening in the 
ease. In the experiments, the results of which are given in 
table Il, the e vaporating dish was of copper ; in the other cases 
it was of tin. The liquids examined were alcohol, sulphuric 
ether, water. and solutions of NaCl and of CuSO... The last 
three were most carefully studied, water and NaCl because of 
their importance i) evaporation in nature, and CuSQ, ea 
of the very large deflections which ‘Tait and Wanklyn obtained 
with it. 

The electrometer was about thirteen times as sensitive as 
Professor Tait’s. Its deflections were reduced to absolute 
measure by comparison with a Daniell’s cell, the deflections 
produced by which were observed before and after each series. 
The capacity of the evaporating dish and its connections was 
found by comparison with Professor Rowland’s standard con- 
denser to be 65™ nearly. The rate of ev: ipor: ition was deter- 
mined by weighing the evaporating dish and liquid before and 
after each series. It was found impossible to eliminate every 
source of electricity except evaporation, since deflections were 
always obtained even with the evaporating dish dry. In order 
to correct for this each series began and ended with two or 
more observations of the deflections obtained by insulating for 
a known time, usually five minutes, the dry evaporating dish. 
Between these observations several similar observations with the 
liquid evaporating were made. 

As the result of a large number of observations in which the 
evaporating dish was insulated for five minutes 
Alcohol gave a potential from —‘04 to —‘09 that of a Daniell’s cell 


Cotton wet with alcohol gave a potential from + °02 to --"06 
Sulphuric ether gave a potential from —'02 to —"10 


(The sign indicates the charge apparently carried away by the 
vapor.) No correction has been made in the above figures for 
the deflections obtained with the dry dish. These were more 
variable, but usually of the same sign, as when a liquid was 
evaporating, and of a magnitude not very different. Making 
this necessary correction- 


Alcohol gave a potential from ‘024 to —*065 that of a Danie ll’s cell 
Cotton wet with alcohol gave pot'l from ‘028 to —*050 
Sulphuric ether gave a potential froim — 004 to —'023 
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In the above observations the rate of evaporation was not 
measured. 

The earlier observations on water and salt water gave deflec- 
tions about 0°1 that given by a Daniell’s cell, the deflections 
with the dry dish being nearly the same (see table I). Though 
the dish was insulated for five minutes or more, the position of 
the spot of light was read every 30 seconds. Far the greater 
part of the deflection was attained in the first minute or two, 
and after five minutes searcely any further deflection could be 
discovered. 

The observations thus indicated that the small deflections 
obtained were mainly due to leakage from electrified parts of 
the apparatus. ‘The sources of this leakage were carefully in- 
vestigated and three principal ones were discovered, viz: the 
charged needle of the electrometer, the vulcanite posts support- 
ing the electrodes of the electrometer, and the glass cup of the 
commutator. In the later experiments care was taken to elim- 
inate these sources of leakage as far as possible. The connec- 
tions were so made, that the electrodes and commutator were 
not touched for days before the experiments, and the charge 
on the needle was not replenished within about 24 hours of the 
experiment. When these precautions were taken, the deflec- 
tions became less than 0°01. and generally less than 0-005 of a 
Daniell’s cell (see table IT). 

In contrast with these deflections, Tait and Wanklyn ob- 
tained by dashing liquids on red hot platinum, for 

Solution CuSO, a potential 300 times that of a Daniell! s cell. 
Solution NaCl a potential +1: 20 
Distilled water a potential + 24 
Alcohol 3 

In order to compare the deflections obtained by evaporation 
with those obtained by friction, the experiments of Tait and 
Wanklyn were repeated. It was impossible, however, to meas- 
ure the deflections obtained, since in almost every case, as soon 
as the spheroidal state ceased, the spot of light went beyond the 
limits of the scale. 

To show the sensitiveness of the apparatus to very slight fric- 
tion it was so arranged that the drops of liquid could fall upon 
the evaporating dish from an insulated conductor in metallic 
connection with it. A few drops of liquid, falling 3 or 4™, 
were sufficient to give deflections of nearly the size obtained 
from a Daniell’s cell and much larger than any obtained in 
evaporation, 

In order to compare the results obtained with the phe- 
nomena of atmospheric electricity the writer computed the 
virtual depth of water which would be necessary to produce 
one flash of lightning, if the vapor in a thunder-cloud had 
been electrified as indicated by the experiments. By virtual 
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depth is meant the depth of the layer of water over the whol 
area of the cloud, were all its vapor condensed to the liquid 
state. 
Let J=this depth in e.m. for a cloud of area A and height a 
Let V and C=respectively the potential and capacity of the 
cloud. 
Let g=the charge per gram of water. 
Then 
Pm. 
Aq 
But from Sir Wm. Thomson’s experiments V=180a,* and 
by the ordinary formula for a condenser of horizontal plates 
A 


C=— 
47a 

Now in the experiments, 

Let d=the deflection obtained by insulating for ¢ minutes, 
and apparently due to evaporation. 

Let D=the deflection obtained from a Daniell's cell. 

Let W=weight in grams of liquid evaporated in T minutes. 

Let v and c=potential and capacity of evaporating dish and 
Its connections. 

nel 


+ I= W 


if a). 
But c=65 ¢c.m. as stated above: and v=0°00374— in electro- 


static units according to Sir Wm. Thomson’s measurements.+ 


twD. 
s a=48 


3) Td in terms of the original measurements in the 
( 


experiments. 


is Table showing results of earlier series. 


ition 


Liquid, 


grams in ¢.m 


Deflection 
with 

vapor: 

Sign of ay 


| 


Distilled water ; +048 42°02 
Instilled water "82 33 O49 42°05 
Distilled water 3:9 5 +$0°55 41°55 
Distilled water ‘ 2°33 —0°15 42°00 
Solution NaC] =) } 2°02 41°75 
Soletion NaCl 3. +0°93 41°50 
Solution Natl 3° 54 +0°84 42°20 


* Papers on Electricity and Magnetism, p. 259. 

+ Papers on Electricity and Magnetism, p. 245. 

¢ Throughout this series there was an instantaneous deflection at breaking con- 
tact, which was several times larger than the total deflection obtained during th 
5 min. insulation. The series therefore is of much Jess value than any of tl 
others in which the instantaneous deflection was never more than 6:1 of 
division. 
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Il. Zable showing results of later series. 


Sign of appar-) 


| 
| 
| 


Zz a in D in 2 T in 

= scale scale ; min- W in “ 

zo divis- divis- : utes. grams, | inc¢.m., 
s ions. ions. 


Liquid. 


with 
evaporation. 
ent charge 
of vapor 


Deflection 





Saturated solution 
CuSO, § +0°3 : : 
“ + 0°6 37°6 : 4 31% 99 
06 +0°2 376 4 3°it 1482 
0°42 +0°18) 39°6 3 09 | 2240 
0°21 + 0°29 39°6 H 38 o-9 695 
0-21 —O11l, 39°6 5 : o-9 1833 
a 0°21 |+0°09) 39.6) { 3% 0-9 2240 
Saturated solution 
NaCl 0°35 |—0°35| 39°6 ) 0°54 525 
“i 012 |+0°08 396 ; 30 0°54 | 766 
‘ 0°35 |+0°05| 396! 61! 30 0°54 | 3678 
Hydrant water 6 06 (+100) 37°6 30 0°59 318 
, “ . 06 |+0°85!| 37°6 30 0°59 373 
s“ : 0-6 +0°70) 37°6 30 0°59 454 
Distilled water °f 06 |—0:10! 39°6 35 OoRs9 303) 
Cotton wet with 


hydrant water =-1°0 0°66 30* = 0°59*) 1029 


The actual value of J (the virtual depth of water) for a cloud 
1500 meters thick, if condensation began at 35° C. is about 
59 am.; at 80°C. is about 45 ¢.m.; at 25° C. is about 3°4 
e.m.; at 20° C. is about 2°6em.; at 15° C. is about 1°9 «em. 

Hence, even if the deflections d of the tables are really due 
to evaporation, and if evaporation be the principal source of 
the atmospheric electricity, the quantity of water, which would 
be required to produce a single flash of lightning, is very much 
greater than the actual quantity ever found in a thunder-cloud, 
while a thunder-cloud usually gives not one but many flashes. 

It may be objected to this reasoning that a thunder-cloud in 
some way collects the electricity obtained by the evaporation 
of a much larger quantity of water than that contained in 
itself. On this account it is of interest to consider the total 
evaporation on the globe. If 100 em. be taken as the average 
annual rainfall for the whole surface of the earth and 400 ¢.m. 
be taken as the value of J, the total annual evaporation on the 
earth is sufficient to produce only about 14,000,000 flashes of 
lightning from clouds nine square kilometers in extent. 
Ilence if one were able to observe every flash of lightning 
which occurs within eighteen kilometers of himself the average 
number of lightning flashes seen by such observers at different 
points of the earth’s surface in one year would be only twenty- 
eight. Calealation from more exact data would give a less 

* In this case the rate of evaporation was not measured, but was assumed in 
computing A to be the same as for hydrant water at the same time. The rate 
Was probably greater, which would make A still greater. 
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number. This calculation assumes that all the electricity is 
discharged through lightning flashes, whereas a very large 
portion of the atmospheric electricity is discharged in other 
ways, e. g. in the aurora borealis and other atmospheric phe- 
nomena which are referred to electricity and in quiet dis- 
charges which take place without any noticeable accompany 
ing phenomena. 

Evaporation is then at most a very insignificant source of 
the atmospheric electricity. 

But further, the following facts are to be observed : 

1. The deflections obtained in the experiments were always 
very small. (In the original readings it was easy to make an 
error of 0'1 a division, and though the numbers in the tables 
are the means of several observations, they are still affected by 
this error of reading. ) 

2. The sign of the apparent charge is not always the same 
for the same liquid. ‘This is particularly noticeable in the 
important case of water 

3. The deflections were very much diminished when care 
was taken to eliminate very small sources of electricity. Still 
the deflections, obtained with the evaporating dish dry, are 
usually much larger than the difference between these and the 
deflections, obtained when a liquid was evaporating. 

Evidently then most of the electrification was due to other 
causes than evaporation, and the experiments do not certainly 
trace any electricity whatever to this source. 

The problem of the source of the electricity of the atmos 
phere is still unsolved. Evaporation, first proposed by Volta, 
whose theory until now has been better supported by experi- 
ment than any other, fails to account even for a small portion 
of it; and no other source has been proposed, which can as yet 
he considered sufficient. 


ART. LIL— Observations on Snow and Tce under pressure at 
Temperatures below 32° F.; by EpbwARD HUNGERFORD. 


THE following experiments on the behavior of snow and ice 
under pressure, were conducted during the successive winters 
from 1869 to 1871. They have never been given in detail to 
the public. At the meeting of the American Association for 
the Advancement of Science, held in Burlington, August, 1867, 
I gave a résumé of the observations made in the previous winter 
or spring, under the title of * A Preliminary Notice of Exper'- 
ments on Snow at Temperatures below 32° F.” Of this paper 
a short abstract appears on page 39 of the proceedings of the 
Association for that year. I also gave at the Chicago meeting, 
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of the following year, some account of the work done in the 
winter preceding. On neither of these occasions were details 
of observations given to the press. The work was incomplete, 
and as even at my home in Vermont, the periods of extreme 
cold, lasting for two or three days, in which the most favorable 
opportunities are given for conducting such experiments, do 
not occur many times in any one winter, my work ran along 
until the spring of 1871. My note-books show an accumula- 
tion of numerous trials of the effect of pressure upon snow and 
ice, only a portion of which will be included in this article. 

After the observations were made, a change of residence for 
a number of years, took me away from Vermont to a region 
less favorable for such observations. Other occupations have 
also prevented me from putting the results into presentable 
shape. In the meantime, however, these results have not, so 
far as I know, been anticipated, and though they are not by 
any means as satisfactory as I could wish, the publication of 
them may at least save anyone else the necessity of going over 
the same ground. I give first in order a series of experiments 
with prisms of ice, transversely fractured, and welded again 
under a relatively light pressure, at various temperatures rang- 
ing from 26° F., down to 9° F., and a series of experiments on 
snow under pressure in an iron press. 

A few words as to the object sought in this investigation. 
In the first place 1 wished to ascertain whether fractured masses 
of ice, when brought together at temperatures considerably 
lower than the ordinary freezing point of water, will be firmly 
reunited under a moderate or even a heavy pressure. Also, 
whether cold and dry snow will under like circumstances of 
pressure become converted into solid ice. 

Thirdly, I have considered it desirable to note whether the 
time element intervenes as a factor, whether reunion and 
glaciation at low temperatures take place instantaneously, or 
whether the process requires time for its completion. 

And in the fourth place, it is a matter of interest and per- 
haps of practical bearing on theories of glacier motion, to know 
whether, in case such union of ice masses and snow granules 
actually does take place at low temperatures, we are to attrib- 
ute the mending of the ice joint and the glaciation of the snow 
to regelation. on the theory advanced originally by Faraday,* 
or whether the union is a simple result of the plasticity of the 
ice retained at low temperatures. The supposition of regela- 
tion necessarily involves the development of moisture along the 
ice joint and among the snow granules. In the absence of 
such moisture the result is to be ascribed simply to the molec- 

*The observation was Faraday’s, the term regelation was applied to the 
observed facts by Professor Tyndall. 
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ular plasticity of ice, whether in the mass or in the form of 
minute snow crystals. The mention of these points, around 
which the interest of the investigation gathers, will enable the 
reader to follow the details more intelligently. 

My method of conducting the trials with prisms of ice is as 
follows: The prisms are obtained by sawing a block of lake 
ice into slabs an inch or two thick, and again sawing the slabs 
into prisms three or four inches long. The prisms are then 
transversely broken. A couple of small, wooden clamps, such 
as carpenters use, each with two light wooden screws are pro- 
vided, and the two inner faces of each clamp are lined with 

emery cloth, to keep the ends of the prisms from slipping when 

the pressure is brought to bear upon them. In such a clamp, 
which should be light (made with, perhaps, half inch wooden 
screws, and the opposing pieces not more than a foot long, by 
a half inch thick and three inches wide), two prisms can be 
treated at the same time. The fractured faces of the prism are 
brought togethe n and when they have been carefully adjusted, 
the clamp may be laid over the ends of the two prisms which 
lie parallel and near to each other on the table. The screws 
are then gently tightened. ‘T’o avoid heat and moisture the 
handling shoul 1 be — if the y are handled at all, with a cold 
cloth; or they may be pushed about with a chilled knife blade 
to get them into Mid ss All my work was done in a cold 
shed, which was kept open to the weather. It will be noticed 
that in these trials, both with prims and with snow, the temper 
atures were carefully noted, at frequent intervals, during the 
progress of the trial. These are the natural temperatures of 
the room where the work was done, and so of all the apparatus 
concerned in the experiments. 

With these explanations I submit several illustrations of the 
behavior of ice prisms under a light pressure. ‘These are in the 
form of abstracts made directly from my note-books, with only 


such corrections and explanations as seem necessary to a full 
understanding of each trial. 


rom 12° F. to 22° F. during the fol- 


f 


JANUARY 27th, 1869.—Temperature ranged f 
lowing trials, which began on the 26th. Prisms of ice an inch thick by two 
inches were broken, and after matching them on the lines of fracture, were 
placed in clamps and subjected to a moderate pressure, the screws being tight 
ened several times during the experiment. One prism was parted on the evening 
of the 26th and showed evident signs of reuniting. 

The one that was permitted to remain in the clamps over night, therefor 
some twenty-four hours, was so firmly reunited that in endeavoring to part it 
thought the ice would break elsewhere. It finally yielded on the old joint to a 
force little less than sufficient to break the ice in any direction. There had ev 
dently been a firm reunion, not a mere sticking together but a knitting of the 
joint. 

FEBRUARY 3d, 1869.—Temperatures for Feb. 2d to Feb. 3d. Feb. 2d, 10 4. M 
7° F, 5.30 p.m. 13° F., 9 ep. M. 11° F., 9 a. M. of Feb. 3d, 20° F. Highest temp 
20° F. The day of the 2d of February was bright but cold 
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The prism of ice remained in the clamps with only moderate pressure for 
nearly twenty-four hours. The joint was firmly knit at the end of that time, 
separating with a snap under a strain, showing clear signs of actual welding. 
Proof that the union is not due to atmospheric pressure is furnished by the great 
ease with which the joint is separated when the pressure has been applied only a 
few minutes. . 

FEBRUARY 8th, 1869.—Temperatures, 9 a. M. 2° F., 1 P.M. 19° F., 2.15 P.M. 
20° F., 4 p. M. 22° F., 6.30 p. M. 20° F., 9.15 a. M., of Feb. 9th, 21° F., 10.30 a. m. 
24° F. Highest temp., 24° F. A fine block of ice two inches square was 
secured in clamps at 9 A. M. of the 8th. Closed experiment at 10.30 a. M. of the 
9th. The block separated on the joint with difficulty under a smart blow. 

Feb. 21st, 1870.—Temperatures, 1.30 p. M. 21° F., 7,30 Pp. Mm. 12° F., 7 a. m.. of 
Feb, 22d, 6° F., 2p. M. 13 F., 3 p.m. 16° F. Highest temperature 21° F. Set 
three blocks in clamps and one without clamps. 

No. 1 which had stood without clamps was parted with a light snap and 
readily. 

No. 2, twenty-four hours in clamps, was crushed by the pincers in applying 
transverse strain, and yielded near to, but not on, the old line of fracture. It 
was shivered into fragments but the two faces were left firmly adhering. 

Nos. 3 and 4 parted readily after lying in clamps twenty-four hours. This my 
notes conjecture to have been due to imperfect adjustment of their faces in plac- 
ing them in the clamps. 

JANUARY 4th, 1871.—Temperatures, 5.15 A. M. 2° F., 12 mM. 9° F., 1 p.m. 9° F,, 
5p.mM. 11° F., Op. wm. 8° F., 64. M., Jan. 5th, 15° F.. 12.30 p.m. 26° F. Highest 
temp., 26° F. At 4 p. M. of the 4th placed in clamps a prism of ice near an 
inch and a half square and four inches long. Got a very perfect joint. Con- 
tinued it under pressure till noon of the 5th. The union was quite perfect. 
Seized the ends of prism with cloth and could not break the joint over the edge 
of the bench by force. Then clamped it in two clamps and wrenched it apart. 
It parted ouly with violence, the separation taking place in a new line parallel to 
the old line of fracture. 

The following trial is selected on account of the low range of temperatures. 

JANUARY 7th, 1871.—Temperatures. 1! A. M. 12° F., 12 a4. M. 12° PF. 2 P.M. 
12°F, 6p.M.9° F,10p.M.3° F. Highest temp., 12° F. Three ice prisms 
were tested in the clamps from 11 a. M. and 12 noon until 10 Pp. M. 

Two of them parted with moderate force. The third required much more 
force, about the same as would be required to break a prism of the same size. 
\fter separation, the surfaces of the old joint presonted the torn, ragged appear- 
ance indicative of violent tearing apart. 

The note here observes that the suecess of the experiment depends on getting 
the joint of the broken prism properly readjusted, so as to make the applied pres- 
sure bear evenly on all points of the joint. Failure to do this accounts for the 

uperfect adherence of some specimens. 

JANUARY 18th, 1871.—Temperatures. This day before noon temperature 
ranged from 16° F, to18° F., 1p. Mm. 16° F.,4 ep. mM. 15° F., 10 p.m. 6° F. Jan. 
19th, 7.30 a. Mm. 0° F., 12 noon 14° F., 4 p. Mm. 22° F. Highest temp., 22° F. At 

bout ll a.m. of 18th put two prisms in clamps and continued one of them 
ntil 4p. mM. of the 19th. One of these much less than a square inch in cross 
section, was well united so as to lift sixteen pounds weight. The prism was 
mewhat crushed by pressure and gave way elsewhere than on the original line 

fracture under a heavier weight. I finally wrenched the old joint apart, it 
giving way partly ina new direction 

JANUARY 10th, 1871.—Temperatures, Jan. 9th, 10,15 a. mM. —4° F., 12.15 P.M. 

2° F., 1.15 p.m. --2° F., 2.15 p.m 0° F..4P.M.0° F., 10p.m. —4°F. Jan. 10th, 
6 4. M. —7° F., 12 noon 8° F.. 2.30 p.m. 9° F., 4.30 Pp. 9.8 F., 9.30 P.M, 3° F. 
lighest temp., 9° F. On the 9th between 11 and 12 in the morning put a prism 

ice in clamps and kept it there till 4.30 of the 10th. It was so firmly reunited 
at it did not part when subjected to a strain of thirty pounds. An addition of 
ve lbs. more parted it. The test was made by securing one end of the prism 

d lifting a weight attached to the other end. The area of the cross section of 

prism was less than a square inch by actual measurement. 
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A glance at this series of experiments with prisms shows 
that fragments of ice may be firmly re-united at all tem- 
peratures down to 9° F. which is the lowest maximum to which 
the ice was exposed in any trial. As to the main fact of the 
welding of ice at such tenfperatures, the evidence is conclusive. 
In order to avoid all suspicion that atmospheric pressure may 
have held nicely joined fragmentsin place, with sufficient force 
to account for the result, attention is called to the fact men- 
tioned in the note of Feb. 3, “the great ease with which the 
joint is separated when the pressure has been applied only a 
few minutes.” But, not content with this, the note of January 
10, 1871, institutes a test by weight and measure. In this in- 
stance the highest range of temperature is 9° F. The prism 
is kept under the usual pressure during twenty-nine hours, 
and a firm union secured. The area of cross section meas- 
ures less than a square inch, and the force necessary to 
pull the fragments apart exceeds thirty pounds. In my note 
book comments on this trial, I find the conviction expressed 
that by long continued pressure the joint might be completely 
obliterated. And I remember that this remark was occasioned 
bv the close knitting of the joint, and the growing indistinct- 
ness of the line of fracture in certain cases, under pressure. 

I scarcely need call especial attention to the violence required 
in some cases to part the reunited fragments or to the fact that 
the second break sometimes occurs along a new line of fracture 
as in the note of January 4th. In regard to the influence of 
time as a factor in the reunion of the broken prisms, my impres- 
sions are strongly in favor of the value of time to the result. 
I have never known a prism which had only been exposed to 
pressure for a few minutes to show strong adherence. It is 
true that many prisms after being in the clamps a long while, 
fail to unite, owing to improper contact or uneven pressure, as 
is remarked in the above notes; but imperfect contact and un- 
even pressure could hardly be the cause of this so uniform 
parting of prisms which had been in contact only a short time 
—freshly joined faces come apart readily with a light snap. 
The trial recorded under date of January 27th, 1869, gives us 
a prism, subjected to pressure for a few hours, which shows 
“evident signs of reuniting,” while one which has been kept in 
the clamps ‘“‘some twenty-four hours was so firmly reunited 
that in endeavoring to part it I thought the ice would break else- 
where.” So far as the evidence goes therefore, the element of 
time is an important one in the process; and this conviction 
has grown upon me during the years in which I have experi- 
mented upon both snow and ice. 

As to the fourth point noted as being among the objects 
kept in view during these studies, it is difficult to conceive 
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how any moisture can intervene to assist in restoring the con- 
tinuity of the faces of broken prisms. In discussing the effects 
of heavy pressure upon snow, this subject will come up again. 
But in the prisms, exposed to temperatures such as some of 
these were exposed to, and having all their sides free to the 
air, while pressure was applied at the opposite ends, it is diffi- 
cult to conceive of any development of moisture to effect the 
result. It is very true that Mr. Tyndall, whose beautiful ex- 
periments upon ice have attracted the admiration of all readers, 
found lines of moisture developed transversely to the direction 
of pressure in masses of ice. But these observations were 
made upon ice at 32° or near that point. Here we have 
temperatures of all grades from 26° F. down to 9° F. The 
exhibitions of those inner lines or surfaces of moisture at a 
temperature close upon 32°, it is scarcely necessary to say, was 
due to the liquefaction of ice under pressure, according to 
the law given by the brothers Thomson. Inasmuch as water 
expands in freezing, it was observed that by preventing the 
expansion of water through pressure, that fluid could be re- 
duced several degrees in temperature and still be kept in the 
fluid state. The brothers Thomson have given us the numer- 
ical expression of this fact in the rule evolved from experi- 
ment, that for every pressure of one atmosphere bearing on 
the fluid, its temperature may be reduced ‘0075 of a degree of 
Centigrade without congelation. And conversely for every 
atinosphere of pressure brought to bear upon a mass of ice the 
temperature at which moisture can be developed in the ice will 
be lowered by 0075 of a degree Centigrade. This is owing to 
the diminished volume of the ice under the pressure. But the 
application of this law to the case before us is out of the ques- 
tion. It would require by this rule a pressure of over 1950 
pounds to the square inch to liquefy ice having a temperature 
of 30°2° F., and for the highest maximum temperature to which 
the prisms were exposed (26° F.) it would require a pressure of 
over 6456 pounds to the square inch. With the light clamps 
used no more than a few atmospheres of pressure were pro- 
duced. Iam thus explicit in the application of the principle 
brought out in the rule of the brothers Thomson, because the 
same considerations return in future experiments with snow 
under pressure. 

The observations on the behavior of snow at comparatively 
low temperatures have been much more difficult than those 
upon ice prisms. Heavier pressures have come into play, and 
it is only by special contrivances that the conversion of snow 
into ice can be watched. My earlier trials, those to which 
allusion was made at Burlington and Chicago, were conducted 
with wooden moulds, into which the snow was packed, and the 
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pressure was brought to bear by means of a square wooden plun 
ger, driven by an iron screw, which worked in a wooden frame 
For these contrivances, which were, in many respects, very 
useful for earlier observations, I afterwards substituted a much 
more convenient iron press. The details of this press, it is 
hardly necessary to describe. The snow was packed in a 
cast iron cylindrical mould, having a smooth circular bore in 
the center one inch in diameter. The bore is three and one- 
half inches deep and of smooth finish, to lessen the friction of 
the snow. Into this bore works a plunger, also of iron, nicely 
fitted. The upper end of the plunger is attached to an iron 
head, grooved on its sides, so as to work along the vertical iron 
rods which are the uprights of the press. Into the upper side 
of this head the lower end of the iron screw projects and works 
in brass fittings—while the screw itself runs through an upper 
iron cross bar. By this means the plunger with its head can 
be carried down into the mould smoothly, by a slow motion of 
thescrew. ‘T'o the head of the screw a wheel was attached to 
which the power was applied by means of a cord passing over 
a pulley. To the cord weights were hung and their amounts 
noted. By this means a reasonably continuous and regulated 
pressure could be brought to bear upon the snow in the moulds. 
These moulds were split vertically through the middle, and were 
held together by a stout iron ring, which could be struck off 
with a blow of a hammer. When opened, the moulds exposed 
a vertical section of the little cylinder of ice resulting from the 
pressure. ‘The slight differential motion of the pressed mass, 
on each side of the plane along which the mould was split, left 
a corresponding plane of easy cleavage in the resultant mass. 
Aside from the convenience of this whole arrangement, it gave 
me the advantage, that the conducting power of the iron, as 
exposed to low temperature, would help to prevent the accu- 
mulation of heat from the gradually increased pressure and 
slow downward motion of the plunger. The snow in the inte- 
rior of the mould would thus be kept very close to the tempe- 
rature of the external air. 

I am under great obligations to my friend, Mr. Robert W. 
Willson, Assistant Astronomer in the Observatory in New Ha- 
ven, who has very kindly assisted me to obtain the working 
power of this little snow press by actual trials. We have tested 
the force exerted at the lower face of the plunger for every tive 
pounds of power up to fifty applied at the wheel. The obser- 
vations, made and repeated by us interchangeably, to correct the 
personal error, have resulted in a very even rate, so that we 
have the pressure for every five pounds of power, and are en- 
abled to extend the rate up to a power of sixty pounds at tlhe 
wheel, which is the highest used. I can therefore insert in all 
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of the following trials with the iron press, excepting the first in 
which the screw was turned by hand, the actual pressure per 
square inch used. The natural temperatures of the room or 
shed in which the work was done are also carefully recorded, 
along with each trial, for every few hours of the day or days 
through which the trial lasted. With these explanations I give 
the following : 


Experiments on Snow with the Tron Press. 


DECEMBER 29th, 1870.—Temperatures, 9 4.M. 0° F.,1P M.3°F..4 P.M. 3° F.,7 
p. M. 2° F., highest temperature 3° F. At 9 o'clock a. M. packed the mould with snow 
and applied pressure very gradually until noon, making a quarter turn only of the 
screw at atime, so as to avoid evolving heat in the snow by sudden pressure. At 
noon the force necessary to turn the screw through the quarter had become con- 
siderable, though by no means violent. The screw was turned slowly through 
the quarter. Thus three hours were consumed in bringing the strong pressure 
to bear. 

Discontinued the experiment at 7 p. M. The snow was converted throughout 
into perfect ice, white, clouded here with darker and there with lighter lines—trans- 
lucent. This experiment is a perfect success. Everything has been manipulated 
with the utmost care. 

JANUARY 4th, 1871.—Temperatures, 8.15 a. M. 2° F, 12 noon 9° F., 1 p. mM. 9° 
F.,5 P.M. 11° F., 10 p.m. 8° F, 6 a. M., January 5th, 15° F., 12.30 p. mM. 26° F. 

Commenced experiment at 9 A. M. and discontinued at 6 A. M. of January 5th, 
The highest temperature therefore to which the experiment was exposed would be 
15° F. Result most perfect ice. At 9 A. M. subjected snow to pressure in new 
iron machine. Applied only very slight pressure gradually for some time by hand 
and then attached the wheel and weights, beginning with 16 lbs. (if we assume that 
| had brought the power up to 10 Ibs. by hand this would be an additional power of 
6 lbs. =346 Ibs. additional pressure) and increasing the weight gradually to power 
60 Ibs. =4122 Ibs. pressure per square inch. The pressure was thus kept nearly 
continuous, the snow yielding very slowly to each addition of weight. On adding 
the last 15 lbs.= 1054 Ibs. additional pressure*—the machine was left standing 
through the night, but the wheel was turned through only about a quarter circle 
during the whole night. This I think is the most perfect ice I have formed as yet, 
at low temperatures and under slowly applied pressure. It was perfect gray ice 
uniform throughout, not clouded. 

JANUARY 9th, 1871.—Temperatures, 10.15 a.m. —4° F., 12.15 —2° F., 1.15 P.M. 
—2°F,,2.15 p.m.0°F.,4 P.m.0°F.,10P.m.—4°F. January 10th, 6 a. mM. —7° F., 
9.30 a. M. 0° F., highest temperature 0° F. Commenced pressure at 10.15 a. M., after 
having allowed the mould packed with snow to stand for some time. No pressure 
applied after packing, except by means of wheel and weights over pulley. Com- 
menced with weight of three pounds = about 375 lbs. pressure, and then added 
two pounds, ete. Discontinued at 9.30 a. M. of the 10th, the thermometer marking 
0°. Highest weight used 60 Ibs.=4122 lbs. pressure per square inch. Result 
perfect, mass changed to ice throughout of remarkably clear and every way fine 
quality. The weight was increased very gradually, only a few last additions 
being made in quantities of 6 or 8 lbs.=400 to 550 Ibs. pressure. At this point 
the motion became very slow. The press was left over night with a weight of 60 
lbs. =4122 Ibs. pressure per square inch, and the screw did not probably make 
more than a quarter turn during the might and up to the time of closing the trial. 
The snow used was slightly granular. 

JANUARY 18th, 1871.—Themometer up to 12 noon has ranged from 16° to 18° F., 
at 1 P.M. 16° F., 4 p.m. 15° F., 10 p.m. 6° F. January 19th, 7.30 a. uw. 0° F., 
12 noon 14° F.,4 p. Mm. 22° F. Highest temperature to which snow was exposed 
while under pressure was 18° F. The mould was packed with snow last night (the 


* The resulting pressure for each additional pound of power diminishes as we 
go into the higher numbers, owing to increased friction. 
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17th) the thermometer standing at 16° F.* This morning began with 1 lb. and 
continued to increase the weight up to 25 lbs. total=1693 lbs. pressure. Discon- 
tinued at 11°30 o'clock the 19th. Transformation into ice incomplete. The mass 
melted partly as ice but the lower portion of the cast from the mould melted more 
like snow. Notice that less than half the previous weight had been used. 


Here are four trials with the iron press, all purposely varied, 
and all but the last resulting in perfectly formed ice— the ice 
character in the last instance being developed in the upper por- 
tion of the mass, while the lower portion melted more like 
snow. ‘This test of perfect and imperfect glaciation is worthy 
of notice. In no way is the true ice character better exhibited 
than by exposing the mass to a slow melting temperature. If 
the union of the snow crystals is complete, the mass melts only 
at the surface, like lake ice, whereas if the conversion into ice 
is imperfect the mass, as the melting goes on, begins, after a 
time, to disintegrate and betray a granular structure. Other 
tests such as whiteness and opacity or their opposites are less 
reliable. For, though the mass usually clears up under pro- 
longed pressure, the glaciation may be far advanced in a mass 
which retains much of the whiteness of snow. Nevertheless 
the usual result is a tolerably clear ice of a grayish appearance 
owing to the retention of air bubbles. It so happens that the 
maximum temperature, to which the snow under pressure was 
exposed, is lowest in the three cases where the resultant ice 
was most perfect. For these three the highest temperatures 
are severally 3° F., 15° F., 0° F., and for the last trial 18° F. 
On the other hand in the second and third of the series, the 
highest pressure exerted is equal to 4122 Ibs. to the square 
inch as against 1693 lbs. to the square inch in the fourth trial. 
Iu the first of the series the power was applied by hand and 
can not be certainly given, though, as the final power applied is 
described as “considerable, though by no means violent,” it was 
doubtless much less than 60 lbs. power. It would probably be 
safe to take it as equal to 45 lbs. which would give an effective 
pressure of 3068 Ibs. to the square inch, 

In the first trial I ask the reader further to notice the man- 
ner in which the pressure was brought to bear. The screw, 
which had six threads to the inch, was turned only through a 
quarter circle at a time, and each quarter was made slowly, so 
that three hours were consumed before the full pressure of 
8068 lbs. to the square inch was brought to bear. As the 
mould was always packed full of snow, and as the resultant ice 
usually occupied one-half the depth of a bore 3} inches deep, 
this would give a descent of the screw through 1# inches in 
three hours, making 104 revolutions of the screw in 180 min- 

* This was done in order to let the whole stand over night without pressure and 
allow the temperature of the snow and press to become equalized. 
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utes, or, on an average, a revolution in 18 minutes. But as 
there was, doubtless, a pause of several minutes between each 
quarter turn, and perhaps occasional long pauses, the motion 
of the screw would, while in motion at all, be faster than this, 
though in any case very slow. It is well to note these features 
of the trial and to remember that the trial was made in a cast 
iron mould surrounded by an atmospheric temperature as low 
as 3° F. Such facts have an important bearing on the possi- 
bility of the development of heat under pressure and conse- 
quent liquefaction of the snow. In this respect the trial under 
date, Jan. 9th, 1871, is also instructive. Here a like process of 
gradual increments was gone through, and here we have addi- 
tions of power numerically expressed. The weight was in- 
creased very gradually (no hand power being used) three 
pounds to start with equals about 400 Ibs. pressure, under 
which of course the lightly packed snow was yielding; then 
two pounds, etce., until, only at the last, increments equal to 
from 400 to 550 lbs. effective pressure were used. 

In the fourth trial, beginning was made with only one |b. 
power, and increase made up to 25 lbs. power. 

The times also vary in the four trials, and this fact has its 
value, though upon that point other and earlier experiments 
made with wooden moulds are more valuable. For conven- 
ience the conditions and results of these four trials may be 
grouped together as follows: 


| ! 
= aoase : se 7] 
z,| Date. High’t | Duration Increments of Effective Pressure. Resulting 


Temp. of Exp. | Condition. 





Dee. Very small by hand, total 3,068 to squ. 
.10 hours — inch. Perfect ice. 
Small by hand at first, then 346 Ibs. and Most perfect 
21 hours” gradually to total 4,122 Ibs. to squ. in.| ice. 
375 Ibs.. 250 Ibs., 400 to 550 Ibs... total Remarkably 
23 hours to square inch, 4,122 Ibs, clear ice. 
150 lbs. with additions, to total of 1,693|/Upper part of 
F, 24 h’s + Ibs. to square inch. | mass true ice. 


From this table and the preceding explanations, the follow- 
ing conclusions are reached: 

(1.) Snow may be converted into ice under pressure at a 
temperature as low as 0° F. 

(2.) At a temperature of 3° F. no more than 10 hours are 
required to complete the process, under a very slowly applied 
pressure and with gradual increments, until the total reaches 
probably not more than 3,068 lbs. to the square inch, 

It is as well here, as anywhere perhaps, to notice a marked 
peculiarity of ice and snow under pressure. When a prism of 
cold ice is placed in the clamps and any given amount of pres- 
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sure brought to bear upon it by screws, the pressure will not 
remain constant. ‘he prism will very slowly yield to the pres- 
sure, by what seems to be a molecular movement; and if the 
pressure is to be kept up, it becomes necessary to tighten the 
screws after a comparatively _— time. I regret that the 
lateral expansion, w hich m: iy be sup pose ‘d to attend this longi- 
tudinal vielding, was not measured. That such a longitudin: al 
piles takes place is impressed upon my mind, as a constant 
xperience, and I ‘think there can be no mistake about. it. 
Indeed I find attention called to it in my notes made on the 
spot, and it will be remarked, that occasional tightening of the 
screws is mentioned in the prism experime nt of Jan. 27, 1869. 
It is my belief that this molecular yielding of the ice takes 
place at all temperatures. A parallel fact has certainly been 
observed, at all temperatures, when snow was being converted 
into ice. Even with the heaviest pressures used and after the 
glae iation has been completed, the mass still continues to yield 
Here in a firmly bound iron mould, there 


under the pressure. 
but the ice particles seem to 


can be no Jateral expansion, 
approach each other and compact themselves, not to expand 
again when the pressure is removed. It is impossible to keep 
the screw tight without a weight movable over a pulley. If 
the screw be tightened by hand and left for an hour or two, the 
ice contracts under it and leaves room so that the next slight 
turn of the screw is compar itive ly easy. 

Having thus established the main fact of the glaciation of 
snow of low temperature under pressure, we come to the discus 
sion of the question whether, under the circumstances of these 
experiments, we are to Suppose that glaciation is due to the 
production of wa'er, or at least of moisture, under the pressure 
applied. 

For this purpose it will be necessary to combine with the 
observations above given, some earlier ones, made with wooden 
moulds, fitted with wooden plungers. It will be understood 
that trials next to be mentioned were of that kind. It is not 
necessary to discuss in this connection the rule of the brothers 
Thomson, mentioned above. The considerations advanced 
regard to the prisms apply equally to the glaciation of snow. 
The temperatures involved are far out of the way of that law 
of liquefaction. I purpose, rather, to lay before the reader the 
actual facts of observation, gathered from numerous efforts to 
determine the question. 

The question of liquefaction at low temperature, according 
to the law of the brothers Thompson, being disposed of, another 
question arises: whether in the mass of snow under these larger 
pressures sensible heat can by any possibility be developed 
sufficient to account for liquefaction. In the outset such 
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supposition seems wholly unwarranted. I have only to refer 
to the production of ice in the iron press, with its slow and 
intermitted motion, in order to call to mind the extreme im- 
probability of a rise of temperature from near the zero point to 
the point necessary for liquefaction under the pressures used. 
Moreover, I have endeavored by actual trials to obtain the 
extreme effect of such pressures as have been used—pressures 
not so great indeed as the highest of those used with the iron 
press—but great enough to convert snow into ice at very low 
temperatures, 

The most reliable of these observations have been made 
upon not very cold snow with pressures rising from 580 Ibs. 
to the square inch, to a possible maximum of 2,000 Ibs. to the 
square inch. I shall hereafter give cases of the glaciation of 
snow of low temperature under the latter pressure. The 
method of testing has been as follows: The temperature of the 
air, and the snow before pressure is noted, and in some cases, 
also, the temperature of the moulds. Then pressure is rapidly 
applied to the snow in the moulds by sudden impact of the 
screw. A wire in the bottom of the plunger leaves a fine bore 
in the pressed snow for the insertion of a thermometer, and the 
temperature of the snow is noted immediately on withdrawal 
of the plunger. In some instances pains have been taken to 
aggravate the rise of temperature by ‘sudden and violent im- 
pact; throwing myself on to the handles of the screw with all 
my might. Now the highest elevation I have been able to 
obtain by this violent method of applying a pressure of 1,500 
to 2,000 Ibs. to the square inch, during only one minute, was 
3¢° I. The pressure exerted was my whole strength applied 
to the handles of the screw by sudden and violent efforts. 
Unfortunately the temperature of the moulds before pressure 
wus not observed. 

In the very next observation recorded, I find the same opera- 
tion gone through with, except that the violent impulses were 
repeated, at intervals, during twenty minutes. The pressure 
wis the same as before, but the elevation effected was only 
14°F. Here also the temperature of the moulds was not ob- 
served. I have before me another instance where the same 
pressure was applied, only during two minutes, to a mould 
tilled with bits of ice. The temperature of the air and of the 
moulds before pressure are noted at 27° F. The ice before 
pressure measures 25° F., and after pressure 27°F. The eleva- 
tion in this case was.doubtless aided by that of the moulds, 
and in the case before given, when the temperature after pres- 
sure rose to 32° F., it is very probable that the temperature of 
the moulds was higher than that of the snow; while in the 
second case, there is reason to think it was lower than that of 
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the snow before pressure. In this way the 3?° F. would be too 
much and the 14° F. would be too little. From numerous 
observations, I am well satisfied that the effect of pressure 
quietly applied, would not exceed a degree, or a degree and one- 
half of Fahrenteit; and where special pains are taken to avoid 
elevation of temperature, its effect will be so diminished that they 
may be left out of the account, in experiments conducted ‘a 
number of degrees below freezing. If it is said that the 
method of taking the temperatures is crude, this must certainly 
be admitted. But it is the best that could be devised. | have 
indeed attached a thin, hollow pointer of iron to the plunger, 
in the center of which I carried a thermometer down into the 
snow and strove by this means, to get at the temperature dur- 
ing pressure. But after numerous trials, the indications proved 
to be so unreliable that I have discarded the results. It may 
be said, however, in favor of the proximate accuracy of the 
temperatures quickly taken after the pressure is removed, that, 
as the snow is not elastic, the heat evolved by pressure will] not 
be absorbed again on its withdrawal. 

So far as the observations went they were entirely contirma- 
tory of the above conclusion. The thermometric evidence 
being against the supposition of any development of moisture 
by heat, Iso arranged matters that I could actually watch the 
the progress of glaciation, while pressure was being applied. 
Wooden moulds were prepared with glass windows of about 
an inch in diameter in the opposite sides. These moulds were 
as usual in halves, bolted, so that the resulting ice could be 
exposed. Through tle windows, which were of very heavy 
plate glass, I watched the progress of glaciation from beginning 
toend. But the closest scrutiny failed to disclose any signs ol 
moisture. Of any free and abundant flow of water through tli 
snow such as is seen at a temperature of 32° F., it will be 
understood we are not here discoursing at all. Any such thing 
would have been readily detected without nice contrivances. 
We are considering only the production of a proper moisture, 
which might be foreed through the mass so as to wholly per- 
meate it. Of such moisture I found no trace in the lower 
temperature experiments. When the pressure had been well 
brought to bear, a change could be seen coming over the mass, 
as will be detailed ina trial oiven below. The snow in the 
mould, as seen through the glass, began to have a glazed 


appearance, and soon seemed to be losing its whiteness and 
opacity. This change went on gradually until the whiteness of 
the snow was nearly gone. I could discern upon the glass no 
trace of condensation of moisture, no clouding as if by a breath, 
though the temperature of the room was only a few degrees 
above zero of Fahrenheit. 
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Another attempt was made to detect the presence of mois- 
ture. I sprinkled into the snow little particles of water-paint. 
These paints are quite sensitive to moisture; so much so that, 
if buried in lightly packed snow without pressure, at a tem- 
perature as low as 12° F., they attract moisture and soften by 
an action similar to that of common salt. And when barely 
touched to really moist snow of 32° F., the snow is promptly 
discolored with a blotch which spreads around the point of 
contact. 

Now it is manifest that this paint furnishes a delicate test of 
the presence of moisture. If at temperatures lying in the 
region of zero Fahrenheit moisture were being forced through 
the interstices of the snow, even in minute quantity, it would 
necessarily carry with it some traces of color from the paint 
sprinkled in the mass; and this is observed to be the case with 
snow under pressure near to 32°, the paint spreading in large 
blotches. At a temperature as low as 20°, the paint seems to 
liquefy the snow to such an extent, that if it be introduced 
with the snow into the moulds, it will become quite moist 
and will perhaps form a blotch. I infer that the blotching 
at this temperature is due to the liquefying action of the 
snow, because as will be seen in the trials detailed below, no 
sign of such spreading could be detected at the temperature 
under which glaciation was there effected. It must be regarded 
as certain therefore, that if moisture is developed at any time 
during the process, it is not developed until the snow has been 
so completely consolidated as to prevent the passage among its 
particles of even so minute a quantity of moisture as would 
be necessary to carry color along with it. But snow so consol- 
idated would be little if any short of ice. I have thought it 
better to state the points involved in the following observations 
before giving their details. 


Observations with wooden moulds. 

Experiment No. 1, February 7th.—Temperatures. 12 noon 9° F., 4.20 p. M. 3° F., 
9.50 Pp. M. —7° F., 7.36 a. M. February 8th, —21° F., highest temperature 9° F. 

The screw was gradually brought to bear with considerable power, no pains 
being taken to avoid accumulating heat. In about two hours a change was 
manifest in the snow. It began to have a glazed appearance and soon seemed to 
be losing its whiteness and opacity. This change went on gradually, until. at 
about 10 Pp. M., the whiteness of the snow, as seen through the glass, was nearly 
gone. It was allowed thus to stand over night, At 9.30 a, M. the pressure was taken 
off. The ice was perfect. The whole prism had lost its opacity so far as to 
transmit the light, the suowy whiteness was gone and the whiteness of ice—a gray 
ice had taken its place. A layer of particles of water paint was in full view, on 
the top of the resulting prism (the bore of the wooden moulds was square), just 
under the surface. There was not a sign of the color having spread. Their angles 
were perfectly sharp and their lines perfectly well defined. The same was true 
when the prism was opened. The particles scattered through the mass exhibited 
no sign of spreading. 





448 EB. Hunge rtord—Obse rvations on Snow and Ice 


Experiment No, 2.—Snow used marked on the ground 5° F. Temperatures, 
9.45 a.m. of February 10th 3° F.—during the day near 0° F, 10 p.m. —6° F., 
9 a.M. of February 11th —5° F., 10 p. mw. 4° F., 7.30 a. M. of February 12th 6° F.. 
8.30 a.M. 7° F. Duration of trial from February 10th 9°45 a. M. to February 12th 
8.30 a. M., making 47 hours nearly. 

Used here a pair of deep moulds, packed full of snow, which accounts for the 
imperfect glaciation of the lower portion. The bottom was granular snow. Then 
came vitreous snow. These two occupied one-third the length of the prism. Then 
came ice of a grayish appearance, increasing in perfection to the well defined ice 
of the upper portion. The ice is whitish or turbid but well characterized. The 
water paint in the prism shows not a trace of running. The angles are sharp and 
the lines sharply defined. On the line between the snow and ice two particles of 
paint were lodged, but here there had been no change in their appearance. 

Experiment No. 3.—Temperature of air February 22d, 1868, at 9 a.m. —4° F. 
Temperature of moulds —4 lemperature of snow in moulds before pressure —4°. 
Snow used was granulai 

Temperatures. 9 A.M. —4° F.,12.15 P.M 0° F..2P.M.0°F.,4Ppu.1° FR, 7P.M 
—2° F., 9.40 p.m. —T7° F., M. of February 23 —5° F., 1 Pp. Mm. 0° F., 9.30 P.M 
—5° F. February 24th, 7.30 a. m 10° F., 9 a.m 7° F. Duration 48 hours 
Opened and found a gradual transition from granular snow at the bottom of the 
prism to perfect ice at the top. The ice was clear and fine. The paint used in 
this experiment was very finely divided, so that the particles might be affecte od by 
the least moisture, and yet in the best of th » ice there was no trace of a spreé ading 

a | 


of the color. Each particle was a distinct speck in the ice 


In looking over the various observations upon snow, in 
counection with those made uUpol prisms of ice held in clamps, 
everything seems to negative the supposition that, at the low 
temperatures used, moisture intervenes to prepare the way for 
regelation. In the case of prisms fully —- -d to view, there 
is no sign of such a process. Also in the case of prisms, and 
snow as well, it has been shown that the male for the depression 
of the point of liquefaction cannot apply under such pressures 
us have here been used. Neither is there good reason to suppose 
that the de ‘velopment of sensible heat is sufficient to have an 
import int bearing on the results. Moreover,inasmuch as regel- 
ation is of nec essity an instantaneous process, the evidence that 
time plays a not unimportant part in the process by which con- 
tinuity is established between fragments of ice as weli as snow 
particles, though that evidence hereafter to be reviewed is not 
as definite or complete as could be wished, bears, so far as it is 
allowed weight, against the application of that theory to the 
facts here insisted on. 

I would not however be supposed to overlook possibilities 
which must be contemplated in this connection, though they 
seem remote. It may be conceived, that, in the case of prisms 
and of snow packed in moulds, inasmuch as it is not possible to 
bring the pressure to bear evenly, either upon all points of frac- 
tured faces of prisms, or upon al! points of the mass of snow, 
there might be now here and next there a concentration of 
pressure locally upon molecules, in consequence of which, now 
at this point and next at another, slight moisture might be 
developed, in which case true regelation would take place. In 
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this form my friend Mr. Willson has suggested to me a possibil- 
ity, akin to one which I myself had considered, namely that of 
local leverage among the particles, by which large local press- 
ures might be concentrated here and therein the mass. But it 
must be remembered that the paint test demonstrates that there 
can be no speading of moisture from such centers; and as a 
further connter-suggestion, Mr. Willson points me to the fact 
that we should, in this way, secure only partial re-union, at 
single points along the faces of fracture in prisms, and only 
loca! glaciation of the snow at scattered centers, instead of the 
uniform glaciation of the whole mass, which results when the 
pressure 1s prolonged. 

It remains only to lay before the reader such evidence as the 
facts give us of the influence of time upon the processes we 
are disc sussing. 

I think it will serve our purpose best, at this point, to intro- 
duce a brief tabular exhibit of quite a number of trials, a 
ranged in the order of temperatures; premising that an una- 
voidable indefiniteness attaches to the contained results. Those 
pressures which had to be estimated are given within maxi- 
mum range only. I think I am perfectly safe however, in 
saying that I have given an exaggerated extreme upper limit. 
Besides this it is to be noted that pressures exerted in this way, 
upon a yielding mass of snow in a mould, do not tell upon the 
lower portion ‘of the mould, until the snow has had time to 
settle away and the pressure is followed up. So that full effect 
is at first experienced only near the face of the plunger, and 
then only for a short time; after which, the yielding of the 
mass relieves the pressure. This introduces an element of un- 
certainty—by bringing the amount of pressure for a great deal 
of the time, and for a large portion of the mass, below the 
figures taken to express it. It is evident, too, from a glance at 
the table, that we can not state the minimum of time and press- 
ure required at any given temperature for glaciation. All we 
can do is to say, that, at particular temperatures, and with cer- 
tain pressures, no more than a certain length of time is required. 
We have only some evidence regarding minimums. _ It will be 
noticed also that here ice is not considered perfect, unless the 
snowy whiteness has been in a good degree replaced by a 
darker shade, more approaching that of lake ice, and unless 
there has been an elimination of the granular structure. 
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Tabular Exhibit of Observations on Snow. 


; Temp | Pressure 
F, | Time. ——— fesult. 
inch, 


No 


Gray ice, imperfect. 
9, Sub-vitreous, sub-granular, gray ice. 
Gray ice, imperfect 
950-1275) Snow and coarse granular, very good ice, 
580 Hard but quite granular. ‘ 
1475-1975 Sub-vitreous, sub-granular, 
950-1275 Very perfect, pretty clear ice 
1475-1975! Very perfect ice. 
580 Sub-vitreous, granular. 
1475-1975 Sub-vitreous, grayish, sub-granular. 
1100-1465|In five minutes snow-darkened, glaciation surely 
complete. 
950-1275) Vitreous, dark, translucent ice character well ad- 
vanced. 
950-1275! Good ice, rather white. 
950-1275 Sub-vitreous, opaque, granular, pure white. 
575-— 775|)Sub-vitreous, granular. 


1200-1600; Good ice. 


AAT wre | 


-—-oO® 


— 
to 


1693 True ice but not as perfect as some. 
$122 | Perfect gray ice uniform throughout. 
1475-1975 Change manifest in two hours and in ten hours 
change was far advanced, p riect gray ice 
Perfect ice 
Highly vitreous, dark, melts with only slightly gran- 
ilar structure 
Perfect ice 
Perfect 
Remarkably clear fine ice 
1475-1975 Highly vitreous, further advanced than No. 21. 


If, with the above explanations in view, we direct our atten- 
tion to special portions of the table, we find, in the first place, 
that at 32° F., with a very moderate pressure, a gray ice may 
be obtained in from one to three minutes; and no marked 
difference is observed between ice produced under an extreme 
pressure of 250 pounds to the square inch, and that produced 
under higher pressures. 

No. 6, with temperature of 26°, subjects snow to a pressure 
of from 1475 pounds to 1975 pounds to the square inch for one 
minute. This high pressure, favored by a not very low tem- 
perature, fails in so short a time to produce perfect ice, while 
in No. 7, at the same temperature, under a lower pressure, we 
get in 24 hours “* very perfect, pretty clear ice.” 

At 25° F. No. 8 gives us very perfect ice in an hour anda 
half under a pressure of from 1475 pounds to 1975 pounds per 
sauare inch; and still better is No. 11 in which, at a tempera- 
ture of 23°, and under a pressure ranging from 1100 pounds to 
1465 pounds to the square inch, we get a nearly complete gla- 
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ciation in twenty minutes, with some darkening of snow in 
five minutes. 

In the next five trials, from No. 12 to No. 16 inclusive, we 
have a range of only two degrees of temperature, and such a 
relation of times and pressures as will throw, perhaps, some 
light on the point under discussion. We will arrange these 
five trials in order, according to the perfection of the ice: 


Jo. 15 | 20°F. | 10m. 575to 775 Ibs. | Sub-vitreous, granuiar. 

| } Sub-vitreous, opaque. 
Granular, pure white. 

45 m. 950 to 1275 lbs. | Good ice; rather white. 

{ Vitreous, dark, translucent. 

( Ice-character well advanced. 

No. 16 | 20°F. 3 hours | 1200 to 1600 Ibs. | Good ice. 


2 m. | 950 to 1275 lbs. 


3 hours | 950 to 1275 lbs. 





The pressures in Nos. 14, 13, and 12 are the same, and the 
temperatures so near together as to point pretty distinctly to 
the influence of time. 

Passing over the higher pressures and long times in the 
lower part of the table, I call attention to Nos. 21 and 25. 
There is an apparent discrepancy between these two, which is 
probably due to a heavier pressure, within the range set down, 
being brought to bear upon No. 25. These two trials show, 
however, that even in a couple of hours at a temperature as 
low as —2° F., under a pressure certainly less than 2,000 
pounds to the square inch, glaciation may be very far 
advanced ; but it is still to be noticed that the terms express- 
ing the result are much more positive in No. 28, for instance, 
where, with only three degrees difference in temperature, the 
long continued pressure of like range gives perfect ice; and it 
will be noticed that when we come among the lower tempera- 
tures such strong expressions are only used where the pressure 
has been long continued. These facts taken with those of like 
nature observed when experimenting upon prisms; taken also 
with a general experience running in that direction, incline me 
to the conclusion that time is a very important factor in the 
process of glaciation. Impressions early made by observa- 
tions have grown into a strong conviction that glaciation 
would take place in a few days under the moderate pressure of 
say 1,000 pounds to the square inch, allowed to bear quietly 
and continuously on snow the temperature of which did not 
exceed that of zero, Fahrenheit. 

The results of these observations may now be briefly 
summed up. We may regard as established— 

(1.) That broken prisms of ice, at temperatures far below 
32° F., will firmly reunite if the faces of fracture are brought 
together and a very moderate but long continued pressure is 
applied. 
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(2.) That snow is converted into ice under a long continued 
pressure, not exceeding 2,000 pounds per square inch, and 
probably much less than that, and at temperatures near to zero 
Fahrenheit. 

(3.) That while great pains have been taken to detect the 
presence of moisture in the snow while under pressure at these 
temperatures, no satisfactory evidence of its presence has been 
obtained, the various tests failing to give it; while, on the 
other hand, the possibility must be entertained of the local 
development of moisture in centers of concentrated pressure ; 
though the paint trials demonstrate that, if produced, it does 
not flow from the centers, and so a serious difficulty arises as 
we contemplate this possibility as influencing the result. 

(4.) That the evidence is not inconsiderable in favor of the in- 
fluence of time as a factor in the establishment of continuity 
between fragments of ice and between snow crystals and, inso- 
far as this consideration is admitted, it militates against the 
supposition of liquefaction and regelation at these tempera- 
tures. 





ART. LI.— Communications trom the U. N. Geological Survey, 
Rocky Mountain Division. I. On the minerals. matnly Zeolites, 


occurring in the basalt of Table Mountain, near Golden, Colorado; 
by WHITMAN Cross and W. F. HILLEBRAND. 


Tuer communications, of which the following is the first, are 
intended as preliminary notices of interesting facts, in cases where 
the publication of the report which would embrace them is neces- 
sarily delayed for a considerable length of time. 

In the course of an investigation, now being carried on in this 
division, into the geology of a portion of the eastern flanks of the 
Colorado Range near the town of Golden, the opportunity pre- 
sented itself of making a study of the interesting basaltic flows at 
that point, and the minerals contained therein. The present con- 
tribution by Messrs. Cross and Hillebrand gives a brief description 
of the species thus far fully determined, viz: chabazite, thomsonite 
and analcite. The latter mineral has hitherto been supposed by 
many persons who have collected it at this point, basing their 
assumption on statements made in the Hayden Reports,* to be 
leucite, which is believed to be unknown elsewhere in this country, 
except as a microscopical constituent of certain rocks, collected 
by me in Wyoming, when on the Fortieth Parallel Survey. Since 
the Colorado leucite proves to be analcite, the Leucite Hills of 
Wyoming seem to be still the only known locality of leucite in 
the United States. 

S. F. Emmons, Geologist in charge.] 

* Annual Report of the U. S. Geol. and Geog. Survey of the Territories for 

1873—pp. 130 and 359, 
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Table Mountain is situated upon the plain, twelve miles west 
of Denver, although it approaches so near to the abruptly 
rising foot-hills, composed of Archaean schists, that the inter- 
vening space is scarcely more than a mile in width. Within 
this space, however, are exposed the upturned edges of strata of 
the Trias, Jura, and Cretaceous, including the coal-bearing 
horizon of the Laramie formation ; dipping very steeply east. 

Table Mountain owes its existence to a sheet, or rather in 
most parts, to two sheets of basalt, which have in a measure 
protected the underlying strata from erosion. Through that 
agency the upturned strata adjacent have been denuded until 
a valley several hundred feet deep has resulted, separating 
Table Mountain from the foot-hills. 

The horizontal strata of Table Mountain seem at first sight 
markedly unconformable with those so near by, but this ap- 
pearance is due to the location of this valley of erosion directly 
in the sharp fold. In other places the conformability is dis- 
tinctly shown. 

Opposite the mountain, Clear Creek issues from the foot-hills 
and has cut a gorge directly through it, forming what are 
known as North and South Table Mountains. On the banks 
of the creek, behind the mountain, is situated the town of 
Golden. 

The mountain is a plateau or mesa of not more than four to 
five square miles in area, with an average elevation above the 
bed of Clear Creek of about 700 feet. 

The source of the basalt is in certain dykes situated to the 
north and northwest, whence the lava spread out in a sheet 
and flowed to the south-southeast. The lower sheet averages 
one hundred to one hundred and fifteen feet in thickness, and 
possesses the structure of a stream which has flowed upon the 
surface. Adjacent to the underlying strata, is a layer of a very 
porous structure, about one foot in thickness; then follows 
massive compact rock for seventy feet, while the upper forty 
to fiity feet show many cavities, large and small, more or less 
flattened and drawn out, and the surface is rough and jagged. 
The first sheet was covered by a second, of identical composi- 
tion, before erosion or decomposition had produced noticeable 
effects. Of the second sheet, only the massive lower part 
remains, and its thickness, as well as the lateral extension of 
both sheets, can only be a matter of conjecture. The rock isa 
feldspar basalt of very simple composition; rather coarsely 
crystalline in its massive parts, and in the porous with a ground- 
mass which becomes finer-grained as it approaches, the contact 
or the surface. A glassy base, now much devitrified was for- 
merly present in the porous parts. 

In the cavities of the upper portion of the lower sheet are 
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many beautifully crystallized zeolites, associated with calcite 
and aragonite. The mode of occurrence varies somewhat in dif- 
ferent parts of the mountain, and a few species seem to be 
locally restricted, but most of those to be described can be 
found in abundance and well developed. 

At a point on the southern face of North Table Mountain, 
where the greatest number of species occur together, the stu- 
dents in the school of mines at Golden began blas ting for spe- 
cimens several vears ago. During the present investigations 
the locality was still further opened, and absolutely fresh and 

clear material obtained. Up to the present time, the following 

species have been detinitely determined, viz: analcite, apoph- 
yllite, aragonite, calcite, chabazite, mesolite, natrolite, stilbite 
and thomsonite. Several others are in process of investigation, 
some of which will doubtless prove to be modifications of 
some of the species mentioned. In the further description, the 
order to be followed is primarily that of deposition at the 
above locality, where frequently as many as six or seven spe- 
cies occur together. 

The only previous notice of ar mountain is e agra in 
the report of Arch. R. Marvine, in Annual Report of the U.S. 
Geological and Geographical deies ‘vy of the Territories for the 
year 1873, pp. 129-131, but the information given is exceed- 
ingly meager, and in part entirely incorrect. 

The Survey is indebted to Professor A. Lakes, of the School 
of Mines, for calling special attention to Table Mountain. 


ie Chahazite. 


This mineral seems to be the oldest of the zeolites, with the 
exception of certain peculiar stratified deposits in some of the 
cavities, the character of which has not been fully determined. 
It was however preceded in some places by yellow calcite, as 
will be described later. 

In most cases where several zeolites occur together, chabazite 
forms a coating to the cavity, and upon it the others are depos- 
ited. It frequently occurs alone however and excellent speci- 
mens are abundant. ‘The glassy, white, or rarely pinkish crys- 
tals have the usual rhombohedral form, and the faces are occa- 
sionally as much as 1 em. in diameter. The crystals are 
usually twins of interpenetration. . 

In some of the smaller cavities are sub-dividing walls of cha- 
bazite, or miniature columns composed of many small crystals. 

A eter generation of chabazite came after thomsonite and 
analcite, but.the crystals are few and very minute. No optical 
or chemical examination has as yet been made. 
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2. Thomsonite. 


This zeolite followed closely upon the chabazite, indeed its 
earliest aggregates are so intimately associated with that min- 
eral, as to make it evident that the deposition of the one had 
begun before that of the other had ended. The mineral occurs 
in very minute rectangular blades, which are placed upon each 
other like the leaves of a closed fan, and the very compact 
combinations of such aggregates are usually arranged in a 
more or less distinctly radiate manner. Sometimes spherical 
forms result ; in other cases, columns s, by radiation from an axis; 
or less frequently, walls, the blades standing at right angles to 
the central plane. Where crystals of yellow calcite were not 
covered by chabazite, the thomsonite has never failed to coat 
them, the blades being approximately perpendicular to the 
erystal faces. When a large surface of chabazite has been 
completely coated by the more or less radiate aggregates of 
thomsonite, forming an undulating surface, the whole has a 
most delicate silken lustre, while that on a fractured surface 
of a spherical mass is more satin-like. The aggregates are 
white when pure; single blades are transparent. 

It is difficult to obtain isolated leav es, and they are then so 
thin as to affect polarized light but slightly ; ; still, it was defi- 
nitely determined that the direction of total extinction between 
crossed Nicols is parallel to the longitudinal axis. By examin- 
ation of the ends of the blades, under the microscope, with a 
power of ninety diameters, it could be seen that the vertical 
edges were formed in many cases by a plane at right angles to 
the dominant surface; occasionally a prism with angle very 
near 90°, and in a few cases both forms together were seen. 
These planes correspond to the macropinacoid (dominant), 
prism and brachypinacoid of thomsonite as given by all 
authorities. The termination seems to be the basal plane. 
The average thickness of these blades is about 0°01™". Toward 
the close of the zeolitic formation, a second generation of 
thomsonite was deposited. The blades are in this case longer 
than those of the first, while the other dimensions remain 
about the same. 

In combination with the basis upon the crystals of this latter 
growth are apparent brachydomes, whose angles with the 
basis were most frequently measured at about 145° or 135°. 

The blades of the second generation, when deposited upon 
those of the first, have the same crystallographic orientation, 
and serve simply as prolongations of the latter. Through the 
usual slight yellowish tinge of the recent growth, the line be- 
tween the two is clear. 

The long blades of the second growth of thomsonite often 
form bundles resembling rough prismatic crystals, and these 


Am. Jour. Sct.—Tuirp Series, Vou. XXIII, No. 1388.—June, 1888. 
31 : 
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bundles arranged in a loosely and irregularly radiate manner 
form bunches an inch or more in diameter, upon which the 
delicate needles of mesolite have a special tendency to deposit 
themselves. Reference wil] be made to this again later. 

Of the following chemical analyses, that under I is of the 
older, and that under II of the more recent growth. In each 
case the percentages under ) denote repeated determinations. 
The material for I was carefully selected with a view to purity. 
The imperfectly spherical aggregates were broken up quite 
fine, and each particle appropriated for analysis was first 
closely examined with the loupe, in order to detect any trace 
of chabazite. Analysis Il was made of material taken from 
one of the bunches above described. The microscope showed 
that minute hairs of mesolite were so intimately associated 
with the thomsonite as to render their complete removal im- 
possible. The specimen chosen had comparatively few of 
them, and the increased percentage of SiO, probably indicates 
the amount of the impurity present. 


I] 


a 
SiO, ...., 40°681 12°662 
AlOs...- 30°117 29°74! 29°202 29°286 
CaO __- 11°921 1! ) 10-900 10-900 
Na. “ t"444 190 
H.O 12°857 12-275 


100-020 100-009 


From the above figures, the following oxygen ratios are 


obtained : 

RO ;: ALO. : SiO. : HO 

I. 1 +: B09 +: 4:76 : 251 

Il. | S10 =: S17 +: 246 
These ratios agree quite well with those in the variety for- 
merly called mesole or farédelite. But that thomsonite which 
seems to be considered by Dana, Rammelsberg, Naumann- 
Zirkel and others, has a ratio of about 1:3:4:24, and Dana* 
directly intimates that the high percentage of silica in mesole, 
is due to an admixture of quartz, mesolite, etc. Thinking it 
barely possible that some chabazite had escaped notice in ob- 
taining material for I, thus increasing the percentage of silica, 
a second portion of thomsonite from the same specimen was 
procured, by simply breaking off the ends of the blades, and 
this was found to contain 41°6 per cent. SiO, (IIT). A micro- 
scopic examination of this material showed that these blades 


\ System of Mineralogy, ed. of 1874. p. 424 
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of thomsonite contained very small, irregularly rounded parti- 
cles, imbedded in the outer surfaces. These particles which 
are clear, or slightly yellowish, do not aflect polarized light 
perceptibly, and are not crystalline in form. They are present 
in varying quantity toward the termination of nearly all blades, 
but are usually entirely wanting in the lower portions of all 
aggregates. 

Analysis [V was made from material taken from the purest 
and finest specimen of thomsonite as yet obtained. Here the 
deposit of thomsonite was unusually thick, and the separation 
from the underlying thin layer of chabazite was complete. 
The partic les above referred to were present in very small 
quantity in the upper part of the blades, and even if they con- 
sisted of pure silica could have affected the result but slightly. 

While believing that the results obtained indicate a greater 
variation in the composition of thomsonite, than is allowable 
under the generally accepted formula of Rammelsberg,* 


\ m (2CaAISi,O, + 5aq.) | 
| 70 ( 2Na,A1Si, ‘O° . +t 5aq. 4 


the further discussion of the question is reserved for the final 
report. 

it was found that a varying quantity of water (usually 
about 2 per cent) could only be driven off at a very high 
temperature, but as yet, no simple molecular ratio between 
this water and the compound has been found. The material 
was dried at 100° C. The action of this thomsonite before the 
blowpipe is entirely normal. 

The thomsonite of Table Mountain was first identified, 
through a quantitative analysis, by Carlton H. Hand, at the 
time a student, now, assistant in assaying, in the School of 
Mines, at Golden. The analysis was never published, and has 
since been lost. 


3. Analeite. 


Analcite follows thomsonite in time of deposition. At the 
locality mentioned on North Table Mountain, its crystals are 
pure white or transparent, and vary in size from very small 
ones, to those nearly an inch in diameter. The predominating 
form is the common trapezohedron 2-2 (202), having its octa- 
hedral edges evenly truncated by $ ($0). The appearance of 
3 is very characteristic of the Table Mountain analcite, though 
the form is never prominent, and is usually represented by an 
exceedingly narrow line. According to Zirkel,t the form $ 
has been observed but once on analcite, viz: by Laspeyres on 
that from the Kerguelen islands. 

* C. Rammelsberg, Mineral Chemie, 1875, p. 657. 

+ Naumann-Zirkel, ‘* Elemente der Mineralogie.’ Leipzig, 1881. 
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All of this analcite examined is doubly refractive, but so 
irregularly that it cannot well be used in confirmation of the 
interesting observations of Ben-Saude,* according to whom 
the optical anomalies of analcite are only to be explained by 
the theory of tension (Spannung) within the crystal, caused 
by some irregularities of growth. 

A second generation of analcite was observed, analogous to 
that of chabazite, the crystals being very small and clear. 
They were observed upon apophy llite. 

On the eastern side of North Table Mountain, analcite is 
often present alone, filling small cavities completely, and de- 
veloped in imme nse crysts als i in the large ones. Some crystals 
here were nearly two inches in diameter. The faces of such 
large crystals are often uneven through depressions or other 
irregularities bounded by faces of 2-2 (202) 

On South Table Mountain analcite is more abundant than 
any other zeolite. Large cavities have a floor of analcite, but 
always in quite small crystals. Natrolite is almost invariably 
deposited upon it, and frequently small cracks are filled with 
the same mineral, associated with calcite or natrolite. 

Analcite was also found in spaces between the pebbles of a 
conglomerate bed, not far below the basalt, the pebbles being 
of basic eruptive rocks, 

Denver, Colorado, April, 1882. 


[To be continued. | 


Art. LITI.—On a new Locality for Hayesine and its novel 
occurrence; by NELSON H. Darron. 


HAYESINE has only been found heretofore, as far as I can 
find, at Iquique, South America, upon the western coast of 
Africa, and in Nova Scotia, and occurring with gypsum and 
some allied species, the variety generally containing soda in 
greater or less but no fixed proportion. I now add another 
locality, which is Bergen Hill. It occurs here, not with gyp- 
sum, etc., but with datholite and calcite in cavities in the trap 
rock. At the new railroad tunnel now in progress near Wee- 
hawken, New Jersey, when down in shaft No. 2 of the tunnel 
at a distance of about 1600 feet from the east face of the dike 
and 185 feet below the ground above, | found in examining a 
vein of calcite, ete., exposed on the north side, a peculiar min- 
eral lying upon the crystals in the geode that I did not recog- 
nize for this locality. It evidently was not pectolite as the 
fibers were quite soft, even pulverulent. They seemed more 

* Alfredo Ben-Saude, *‘ Ueber den Analcim,” in “ Neues Jahrbuch fiir Min- 
eralogie” ete., 1882, T, 41 





N. H. Darton—New Locality for Hayesine. 


like asbestos than any other species, but still in doubt I secured 
all that was possible, and when arriving in New York tmade a 
chemical and physical examination of it. A preliminary blow- 
pipe treatment showed it to be readily fusible and when moist- 
ened with acid the characteristic green flame proved it to bea 
borate. The analysis yielded the following results: 
Calculated to CaB,O; + 3H,0. 
Lime - 18°39 18°42 
Boracic aci _... 46°10 16°05 
WOO nuke - 35°46 35°53 
Silica 
Soda - .--- trace 
Magnesia \ — 
99°95 100-00 
The traces of silica and magnesia were probably due to ex- 
terior causes, but the presence of the soda was very marked. 
The specific gravity was between 15 and 1:7. I could find 
but 7°3 decigrams, and as the greater part of this has been 
used in the examinations I have but 2°6 decigrams left; but I 
have reason to believe that much more may be procured by 
cutting into the vein for it, and besides there may be many 
reproductions of the same conditions under which it occurred. 
The form was that of acicular crystals about 4"" long and very 
slender. They were grouped together in the form of little 
mats and these lay loosely upon the crystals cf calcite (dog- 
tooth spar). These geodes were surrounded by others of dath- 
olite and enclosed in a vertical vein 24 to 4 inches wide, partly 
filled with the primary forms of calcite and chlorite. The rock 
is quite soft and very permeable to infiltering water. Thus 
some borate of lime has been taken into solution under peculiar 
and unknown conditions and crystallized after running into 
the geode which held it. All these geodes are open at the 
top, this is directed toward the upper side of the vein, and 
would thus arrest and hold infiltering solutions. I intend to 
investigate how datholite is decomposed and borate of lime 
separated out of its constituents, 
Laboratory, 319 Pearl street. 
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Art. LIV.—WNotes on the Eli clromagqnetic Theory of Light ; by 
J. Witsand Gipps. No. Il.—On Double Refraction in per- 
Jectly transparent Media which exhibit the Phenomena of Circular 
Polarization. 


1. IN the April number of this Journal,* the velocity of 
propagation of a system of plane waves of light, regarded : 
oscillating electrical fluxes, was discussed with such a ie 
of approximation as would account for the dispersion of colors 
and give Fresnel’s laws of double refraction. It is the object 
of this paper to supplement that discussion by carrying the ap- 
proximation so much further as is necessary in order to 
embrace the phenomena of circularly polarizing media. 

2. If we imagine all the velocities in any progressive system 
of plane waves to be reversed at a given instant without 
affecting the displacements, and the system of wave-motion 
thus obtained to be superposed upon the original system, we 
obtain a system of stationary waves having the same wave- 
length and period of oscillation as the original progressive sys- 
tem. If we then reduce the magnitude of the displacements in 
the uniform ratio of two to one, ‘the sy will be identical, at an in 
stant of maximum displacement, with those of the original sys- 
tem at the same instant. 

Following the same method as in the paper cited, let us 
especially consider the system of stationary waves, and divide 
the whole displacement into the regular part, represented by §, 
y, , and the irregular part, represented by &’, 7’, £’, in accord- 
ance with the definitions of § 2 of that paper. 

3. The regular part of the displacement is subject to the 
equations of wave-motion, which may be written (in the most 
general case of plane stationary waves) 

ee ee, 
sin 275 ) seis, 
i 


/ 


Ei 
sin la ) cos 277 


( D. cos 27 > 
p 

< (; ul “ f 

Eé= ‘ COS 27—+ V,8M 27 )cos 27 : 

/ 7 p 

where / denotes the wave-length, p the period of oscillation, u 
the distance of the point considered from the wave-plane pass- 
ing through the origin, a,, 3,, 7, the amplitudes of the displace- 
ments §, %, © in the wave-plane passing through the origin, and 
a,, 3. 7, their amplitudes na wave- plane one-quarter oft a 


29 2 


* See page 262 of this volume 
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wave-length distant and on the side toward which wu increases. 
If we also write L, M, N for the direction-cosines of the wave- 
normal drawn in the direction in which uw inereases, we shall 
have the following necessary relations : 


L*+M’+N*=1, (2) 
u=La+My+ Nz, (3) 
La,+Mf,+Ny,=0, La,+Mf,+Ny.=0. (4) 


That the ¢rregular part of the displacement (¢’, 7,’ C’) at 
any given point is a simple harmonic function of the time, 
having the same period and phase as the regular part of the 
displacement (§, 4, €), may be proved by the single principle of 
superposition of motions, and is therefore to be regarded as 
exact in a discussion of this kind. But the further conclusion 
of the preceding paper (§ 4), “that the values of &, 4’, ¢’ at 
any given point in the medium are capable of expression as 
linear functions of ¢, 7, £ in a manner which shal] be inde- 
pendent of the time and of the orientation of the wave-planes 
and the distance of a nodal plane from the point considered, so 
long as the period of oscillation remains the same,” is evi- 
dently only approximative, although a very close approxima- 
tion. A very much closer approximation may be obtained, if 
we regard &’, 7’, ’, at any given point of the medium and for 
light of a given period, as linear functions of $, %, £ and the 
nine differential coéfficients 


N 
> 
1e 
Ld 


d&E dy dé dé t 
FF Fea da’ dx dy 4 srs 
We shall write é. 4; * and Aff. coef). to denote these twelve 
quantities. 
From this it follows immediately that with the same degree 


of approximation ¢', 4’, £’ may be regarded, for a given point 


of tbe medium and light of a given period, as linear functions 
of &, y, € and the differential coéflicients of 3, 4. £ with respect 
to ie coérdinates. For these twelve quantities we shall write 
E UE 8 and diff. cue ff. 

5. Let us now proceed to equate the statical energy of the 
medium at an instant of no velocity with its kinetic energy at 
an instant of no displacement. It will be convenient to esti- 
mate each of these quantities for a unit of volume. 

6. The statical energy of an infinitesimal element of volume 

may be represented by ‘adv, where o is a quadratic function of 
the components of displ: cement €+¢", y+, E€+f. Since for 
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that element of volume ¢’, 7’, £’ may be regarded as linear 
functions of ¢, 7, € and diff. coéff., we may regard @ as a quad- 
ratic function of ¢, 4, € and diff. coéff., or as a linear function 
of the seventy-eight squares and products of these quantities. 
But the seventy-eight coéfficients by which this function is ex- 
pressed will vary with the position of the element of volume 
with respect to the surrounding molecules. 

In estimating the statical energy for any considerable space 
by the integral 

Sf ode, 


it will be allowable to substitute for the seventy-eight coéfti- 
cients contained implicitly in o their average values through- 
out the medium. That is, if we write s for a quadratic funce- 
tion of &, 7, £, and diff. coéff. in which the seventy-eight coéfli- 
cients are th e space-averages of those in a, the statical energy 
of any considerable space may be estimated by the integral 


Ssde. 


(This will appear most distinctly if we suppose the integration 
to be first effected for a thin slice of the medium bounded by 
two wave-planes.) The seventy-eight coéfficients of this func- 
tion s are determined solely by the nature of the medium and 
the period of oscillation. 

We may divide s into three parts, of which the first (s,) con- 
tains the squares and products of ¢, 7, £, the second (s,,) con- 
tains the products of ¢, 4, & with the differential coéfficients, 
and the third (s_,) contains the squares and products of the 
differential coéfiicients. It is evident that re average statical 
energy of the whole medium per unit of volume is the space- 
average of s, and that it will consist of three parts, which are 
the space-averages of s,s, ands, , respectively. These parts 
we may call S,S ,andS. Onlv the first of these was con- 
sidered in the preceding paper. 

Now the considerations which justify us in neglecting, for 
an approximate estimate, the terms of s which contain the dif- 
ferential coéfficients of &, 7, £ with respect to the codrdinates, 
will apply with especial force to the terms which contain the 
squares and products of these differential coéfficients. There- 
fore, to carry the approximation one step beyond that of the 
preceding paper, it will only be necessary to take account of 
s ands, and of S andS. 

We may set 


s =~ A&* + Br’ + Ca’? + Ené+F2é + Gén, (5) 


where, for a given medium and light of a given period, A, B, 
EK, F, G are constant. 
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Since the average values of 


see u ‘ “4 P u u 
sin 2x cos’ 277-, on Sr, Ces ox, 


are respectively 4, 4, and 0, and since at the time to be 
considered ] 


. t 
cos’ 27-=1, 


P 
it will appear from inspection of equations (1) that 
S,=4(Aa?+Bf7+Cy7%+Ef,y.+Fy,a,+Ga,f,) 
+4(Aa?+Bh+Cy+Efiy,+F y.a,+Ga.f,). (6) 


This is the first part of the statical energy of the whole medium 
per unit of volume 

8 The second part of the statical energy of the whole medium 
per unit of volume (S,,) is the space-average of s_,, which isa 
linear function of the twenty-seven products of ¢, 9, € with their 
differential coé@fficients with respect to the codrdinates. Now 
since 

IE _ .d(&*) dy da) 


G —t- ?) — 
der e da ? der - dx : 


the space-average of such products will be zero, and they will 
contribute nothing to the value of S,. There will be nine of 
these products, in which the same component of displacement 
appears twice. The remaining eighteen products may be 
divided into pairs according to the letters which they contain, as 
dé oN 
n= and é@—. 
dy der 
A linear function of the eighteen products may also be regarded 
as a linear function of the sums and differences of the products 
in such pairs. But since 
dé dy d(né) 
») -o6—= re 
dr dx dr 
the terms of s,, containing such sums will contribute nothing to 
the value of S,. We have left a linear function of the nine 
differences 
de dyn dé de m7) d& 


1) - — oe “. A —G ‘ G seal / etc., 
I ee dx da dx da Te’ 


(the unwritten expressions being obtained by substituting in 
the denominators dy and dz for dx,) which constitutes the part 
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of s,, that we have to consider. S,_ is therefore a_ linear 
function of the space-averages of these nine quantities. But 
by (3) 
‘Ss Oe me de 
. 
and the space-average of this, at a moment of maximum 
displacement, is by (1) 


dé dn ( de. =) 


27. 
7 (Py ¥2— VPs). 


By such reductions it appears that 7S, is a linear function of 
the nine products of L, M, N with 
BiV2— Vio Vie—MhVx, Ofi.— fay. 
Now if we set 
Q=L (f,y.—y: fh.) +M (:a,.—a, 7%.) + N (@,f.—fi,a.), (7) 
we have by (4) and (2) 
LO=fp,y, —y, fp. MO=y,a aVY, NO=a,fp.—f,a. (8) 


Therefore /S,, is a linear function of the nine products of L, M, 
N with L6, M6, N6. That is, /S,, is the product of 6 and a 
quadratic function of L, M and N. We may therefore write 


“i 


i d p : 
S =79= ZILA V¥s— Vi fix) +M(1,a,—a, 7.) + N (@,,— fi, a4) J, (9) 


] 


where @ is a quadratic function of L, M and N, dependent, 
however, on the nature of the medium and the period of 
oscillation. 

9. It will be useful to consider more closely the geometrical 
significance of the quantity 6. For this purpose it will be con- 
venient to have a definite understanding with respect to the 
relative position of the codrdinate axes. 

We shall suppose that the axes of X, Y, and Z are related 
in the same way as lines drawn to the right, forward and up- 
ward, so that a rotation from X to Y appears clock-wise to one 
looking in the direction of Z. 

Now if from any same point, as the origin of codrdinates, we 
lay off lines representing in direction and magnitude the dis- 
placements in all the different wave-planes, we obtain an 
ellipse, which we may call the displacement-ellipse.* Of this, 
one radius vector (p,) will have the components a, /;, 7, and 

* This ellipse, which represents the simultaneous displacements in different 
parts of the field, will also represent the successive displacements at any sam 
point in the corresponding system of progressive waves 
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another (,) the components 4,, ,, 7, These will belong to 
conjugate diameters, each being parallel to the tarigent at the 

extremity of the other. The area of the ellipse will therefore 
be equi al to the parallelogram of which p,, and p, are two sides, 
multiplied by z. Now it is evident that Bi 2-71 Bay 11-4 Ty 
4, 4-8, a, are numerically equal to the projections of this par- 
allelogram on the planes of the codrdinate axes, and are each 
positive or negative according as a revolution from p, to p, 
appears clock-wise or counter- clock- wise to one looking in the 
direction of the proper codrdinate axis. Hence, 6 will be nu- 
merically equal to the parallelogram, that is, to the area of the 
displacement-ellipse divided by z, and will be positive or nega- 

tive according as a rev olution from fp, to p, appears clock-wise 
or counter-clock- -wise to one looking in the direction of the 
wave-normal. Since p, and p, are determined by displacements 
in planes one-quarter of a wave-let wth distant from each other, 

and the plane to which the latter re lates lies on the side toward 
which the wave-normal is drawn, it follows that 9 is positive 
or negative according as the combination of displacements has 
the character of a right: handed or a left-handed screw. 

10. The kinetic energy of the medium, which is to be esti- 
mated for an instant of no displacement, may be shown as in 
$ 7 of the former paper (page 266 of this volume) to con- 
sist ¢ two parts, of which one relates to the _— flux 
(7 is 0) and the other to the irregular flux (E', 7 7’, fC’). The 
tirst, in the notation of that paper, is represented by 


k/(& Pot & +n Pot »+4 Pot €) de, 


which reduces to 
z? 


f(E*+ 7 +2) de 
27° 


By substitution of the values given by equations (1), we obtain 
for the kinetic energy due to the regular flux in a unit of vol- 
ume 
Ta (at + Bo tyitalt Bityy) (10) 
Pp 1 1 i 2 2 "v7? r 
11. The kinetic energy of the irregular part of the flux is 
represented by the volume-integral 


S4(E' Pot &' +77 Pot 7'+4' Pot 2’) de. 


- 
a 


Now, since €, 


and diff. coeff. 


are everywhere linear functions of ¢, 7 
e $ 4), and since the integrations implied 
in the notation Pot may be confined to a sphere of which the 


7) 
( 


Seé 
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radius is smal] in comparison with a wave-length,* and since 


within such a sphere ¢, 4, € and diff. coéff: are sufficiently de- 
termined (in a linear form), by the values of the same twelve 


quantities at the center of the sphere, it follows that Pot if 
Pot 7’, Pot £ must be linear functions of the values of & 

and diff. coéff. at the point for which the potential 1 

Hence, 


$(&' Pot &' +7’ Pot 7’ +2’ Pot 2’) 


will be a quadratic function of ¢, 4, £ and diff: cor ‘ff: But the 
seventy-eight coéfiicients by which this function is expressed 
will vary with the position of the point considered with respect 
to the surrounding molecules. 

Yet, as in the case of the statical ene rey, we may substitute 
the average values of these coéfficients for the coéfficients 
themselves in the integral by which we obtain the energy of 
any considerable space. The kinetic energy due to the irregu- 
lar part of the flux is thus reduced to a qu uadratic function of 


E q, g and diff. coeff. which has constant coéfficients for a 
given medium and light of a given period. 
The function may be divided into three parts, of which the 


first contains the squares and products of &, 7. £, the second the 


products of §, 7, € with their differentia! coéfficients, and the 
third, which may be neglected, the squares and products of the 
differenti: al coéfiicients. 

We may proceed with the reduction precisely as in the cas 
of the statical energy, except that the differentiations with re- 


; “ay ; 4 77° asi 
spect to the time will introduce the constant factor —-. This 
, 


will give for the first part of the kinetic energy of the irregulat 
flux per unit of volume 


+ Bp? y?4 Y' py + Fy +G'a fp) 
+G'a,f,), (11) 


and for the second part of the same 
47° hd 
T = = 
‘i i 
ebay, —y f,)+M(y,a, .) +N(a,f,—f,a,)], (12) 


* See § 9 of the former paper, on page 268 of this volume, 


7 
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where A’, B’, C’, E’, F’, G’ are constant, and @ a quadratic 
function of L, M, and N, for a given medium and light of a 
given period. 


12. Equating the statical and kinetic energies, we have 
$,+8,=T+T' +T’,, 
that is, by equations (6), (9), (10), (11), and (12), 
$(Aa,” + Bp? + Cy *+ Ef y,+ ya, +Ga fi) 
+4$(Aa,* + BB +Cyf+Ef,y +F y,a,+Ga,f,) 


p ' 
+5 [L.(f6,y,—y,8,) +M(y,a,-—a,y,) + N(a,6,—f,a,) 


2 ae fp? 4. Y; A. a ee pb, es y,) 


Oi do: i hs ae ” 7 
+—, (A'a? + B6i4+ Cy? +E fA y,+F' y,a,+G'af) 
P 


2x” ae saath ee = x? 1c 
+ = (Nal +B 624+C y7%+EA,y,+ F'y,a,+Ga,f) 
p : : Vs Vs , : 


47° QD’ . 
oi [L(f.y.—y, 8.) +M(y,a,—a,y,)+N(a,6,—f,a,). (13) 


If we set 


B 27B' 


, =—- ., 14 
; 27 p ( 


Pp 27’ 
and ee — — (15) 
“7p yp 


2a A' 


the equation reduces to 
aa +bpit+ey* +eBy, +fy,a,+9a,f, 
+aa,’+ bp, fey, +epy,+fya,+9a,h, 


} “Te L(8,v,—y,B,) +M(y,a,—a,y,) +N(a,8,—B,a,)] 


=—(a7°+f7%+y%+a°+6,'+ y,"), (16) 

2? 
where a, b, ¢, e, 4, g are constant, and ¢ a quadratic function of 
L, M, N, for a given medium and light of a given period. 

13. Now this equation, which expresses a relation between 
the constants of the equations of wave-motion (1), will apply, 
with those equations, not only to such vibrations as actually 
take place, but also to such as we may imagine to take place 
under the influence of constraints determining the type of 
vibration. The free or unconstrained vibrations, with which 
alone we are concerned, are characterized by this, that infin- 
tesimal variations (by constraint) of the type of vibration, 
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that is, of the ratios of the quantities a,, 8,,7,, 4, 8. 7 Will 
not affect the period by any quantity of the same order of 
magnitude.* ‘These variations must however be consistent with 


equations (4), which require that 
Lda, +Mdf,+Ndy,=0, Lda,+Mdf,+Ndy,=0. (17) 


Hence, to obtain the conditions which characterize free vibra- 
. ’ . > . . . rn 
tion, we may differentiate equation (16) with respect to a,, f,, 
19 Gy a 72) Yegarding all other letters as constant, and give to 
da,, df,, dy,, da,, d3,, dy,, such values as are consistent with 
1 Pi Hid 2 2 fa : : : 
equations (17). Now da,, dj3,, dy,, are independent of da,, dj,, 
dy,, and for either three variations, values proportional either to 
@,, 8, 7, or to a, 3,, 7., are possible. If, then, we differentiate 
equation (16) with respect to @,, 3,, 7,, and substitute first a,, 
B, 7, and then 4, 3,, 7,, for da,, df,, dy, and also differentiate 
with respect to a,, ,, 7,, With similar substitutions, we shall 
obtain all the independent equations which this principle will 

yield. 
If we differentiate with respect to 4, /3,, 7;, and write a, f,, 
7: for da,, d§,, dy,, we obtain 
aa, LbB*+eyv7+ef8 } +f) a4 gap, 
IG) = 
+P PLAY, by t M(yv.a aY.)4 N(a fp, fi aw,) | 
P 
=—(a7+fi+y,’), 
p 
If we differentiate with respect to a, /3,, 7;, and write a, '., 7 
for da dp,, dy,, we obtain 
ly (1 hi 
24a a,+ 2hf ps, +2ey v.+e(P.) stV (.) tf (y a,+a,y,) 
9/4 
+ Ya ps, + fo w.) pr" a4 fp p+ V Vo) 
If we differentiate with respect to @,, fs, 72, and write a, , 7: 
for da,, df, dy., we obtain 


aa? +bp? Hey, +é€f.y.t+fy,a,+ gap 


+PPTL(B y,—yY B)+MQ “,—ay,)+N(af,- fw.) | 


(20) 


The equation derived by differentiating with respect to a, Be, 
Ye, and writing a, /4;, 7, for day, dj, dy, is identical with (19). 


We should also observe that equations (18) and (20) by addi- 


* Compare § 11 of the former paper, page 270 of ‘this’volum 
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tion give equation (16), which therefore will not need to be 
considered in addition to the last three equations. 

14. The geometrical signification of our equations may now 
be simplified by a suitable choice of the position of the origin 
of coordinates, which is as yet wholly arbitrary. 

We shall hereafter suppose that the origin is placed ina 
plane of maximum or minimum displacement,* if such there 
are. In the case of circular polarization, in which the displace- 
ments are everywhere equal, its position is immaterial. The 
lines p, and ps, of which a, J, 7; and a, Ay, 7» are respectively 
the components, will now be the semi-axes of the displace- 
ment-ellipse, and therefore at right angles. (See § 9.) The 
case of circular polarization will not constitute any exception. 
Henee, 

aat+f f,4 VY.=9. 
and by $9, f 


G=L(f,y,—yf,)+M(yv,a,—a,y.) +N (a, f.— Ba.) =p, p., (22) 


where we are to read + or — in the last member according as 
the system of displacements has the character of a right-handed 
or a left-handed screw. 

15. Equation (19) is now reduced to the form 


244), sg 268, fi, ss 2CViVs + e(fiys = VPs) 
+I (M02 4+ HY) +9 fB.+ Bia,)=0, (28) 


which has a very simple geometrical signification. If we con- 
sider the ellipsoid 


an® + by? + cz* + eyz + fru + gery, (24) 


and especially its central section by a plane parallel to the 
planes of the wave-system which we are considering, it will 
easily appear that the equation 


Qa aly + WY Ys + 2Cz 2, + (Yi + AYe 
+f (Zit +2) + G(LYe + Yio) =0 


will hold of any two points 2, y;, 2 and @, Y, 2 which belong 
to conjugate diameters of this nAcreat “section. Therefore 
equation (23) expresses that the displacements a, 3, 7, and ay, 
x, 72 are parallel to conjugate diameters of the pcs section 
of the ellipsoid (24) by a wave-plane. But since the displace- 
ments 4, §,, 7, and a, f, 7, are also at right angles to each 
other, it follows ‘that they are parallel to the axes of the cen- 
tral section of the ellipsoid (24) by a wave-plane. That is:— 

* The reader will perceive that an earlier limitation of the position of the ori- 
gin by a supposition of this nature, involving a limitation of the values of a,, {,, 


@y, 3s, Yo, would have been embarrassing in the operations of the last para- 
cake 
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The axes of the displacement-ellipse coincide in direction with 
those of a central section of the ellipsoid (24) by a wave-plane. 

16. If we write U,, U, for the reciprocals of the semi-axes of 
the central section of the ellipsoid (24) by a wave-plane, U, 
being the reciprocal of the one to which the displacement a,, 
Ai, 7, 18 parallel, we have 


aa, +bB+ey{+eAyitfyiat+gaf=U} (a+ fi+y,"), (25) 


as is at once evident, if we substitute the codrdinates of an 
extremity of the axis, for the proportional quantities a, /,, 7;. 


So also 
da + bh +eys +epyotfyrQs+9ap.=—US (ae+ fo +y,."). (26) 


If we write V for the velocity of propagation of the system 
of progressive waves corresponding to the system of stationary 
waves which we have been considering, we shall have 

ee 
V=-. (27) 
}/ 

By equations (22), (25), and (26), equations (18) and (20) are 
reduced to the form 
2) 


@ 5 ’ rs 
0,0.=V"p,, ( 70° +-— p,p.—= V"p.", (28) 


Up sey \ 


where we are to read + or — according as the disturbance has 
the character of a right-handed or a left-handed screw. Ina 
progressive system of waves, when the combination of displace- 
ments has the character of a right-handed screw, the rotations 
will be such as appear clock-wise to the observer, who looks in 
the direction opposite to that of the propagation of light. We 
shall call such a ray right-handed. 

We may here observe that in case g=0 the solution of these 
equations is very simple. We have necessarily either p,=0 
and V*=U,’, or p,=0 and V*=U,*. In this case, the light is 
linearly polarized, and the directions of oscillation and the 
velocities of propagation are given by Fresnel’s law. Experi- 
ment has shown that this is the usual case. We wish, however, 
to investigate the case in which ¢ does not vanish. Since the 
term containing g arises from the consideration of those 
quantities which it was allowable to neglect in the first 
approximation, we may assume that ¢ is always very small in 
comparison with V*, U,°, or U,' 

17. Equations (28) may be written 


Y fs 


V*—U +> m 





Polarization in perfectly transparent Media. 


By multiplication we obtain 
Vv? (v?— U,’) (V?—U,’) =’. (30) 


Since ¢g is a very small quantity, it is evident from inspection 
of this equation that it will admit three values of V*, of which 
one will bea very little greater than the greater of the two 
quantities U,? and U,”, another will be a very little less than 
the less of the same two quantities, and the third will be a very 
small quantity. It is evident that the values of V® with which 
we have to do are those which differ but little from U,? and 
U2* 

For the numerical computation of V, when U,, U3, and @ 
are known numerically, we may divide the equation by V*, 
and then solve it as if the second member were known. This 
will give 

07+0, gp (U/—U,)’ 


+{ 


V=e—; Sime nae (31) 


By substituting U,U, for V* in the second member, we may 
obtain a close approximation to the two values of V* Each 
of the values obtained may be improved by substitution of that 
value for V* in the second member of the equation. 

For either value of V*, we may easily find the ratio of p, to 
fx that is, the ratio of the axes of the displacement-ellipse, 
from one of equations (29), or from the equation 


pe v0," - 
pe VU (62) 


obtained by combining the two. 

In equations (29), we are to read + or — in the second 
members, according as the ray is right-handed or left-handed. 
(See $16.) It follows that if the value of ¢ is positive, the 
greater velocity will belong to a right-handed ray, and the 
smaller to a left-handed, but if the value of ¢ is negative, 
the opposite is the case. Except when g = 0, and the polari- 
zation is linear, there will be one right-handed and one left- 
handed ray for any given wave-normal and period. 

18. When U, = U,, equations (29) give 


poy Wale’, 


* We should not attribute any physical significance to the third value of V’. 
For this value would imply a wave-length very small in comparison with the 
length of ordinary waves of light, and with respect to which our fundamental 
assumption that the wave-length is very great in comparison with the distances of 
contiguous molecules would be entirely false. Our analysis, therefore, furnishes 
no reason for supposing that any such velocities are possible for the propagation of 
electrical disturbances. 

Am. Jour. Sct.—TuHtrp Series, Vout. XXIIT, No. 188.—JUNE, 1882 
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where U represents the common value of U, and U,. The 
polarization is therefore circular. The converse is also evident 
from equations (29), viz: that a ray can be circularly polarized 
only when the direction of its wave-normal is such that 
U,=U, Such a direction, which is determined by a circular 
section of the ellipsoid (24) precisely as an optic axis of a erys- 
tal which conforms to Fresnel’s law of double refraction, may 
be called an optic axis, although its physical properties are not 
the same as in the more ordinary case.* If we write Vp and 
Vi, respectively, for the wave-velocities of the right-handed and 
left-handed rays, we have 

V,-U'+=—, TS = P* (33) 


whence 
~)= Vit Vi 
Ve Wars 


L/ 


and 
(34) 


The phenomenon best observed with respect to an optic axis 
is the rotation of the plane of linearly polarized light. If we 
denote by @ the amount of this rotation per unit of the distance 
traversed by the wave-plane, regarding it as positive when it 
appears clock-wise to the observer, who looks in the direction 
opposite to that of the propagation of the light,t we have 


O=7(—-—y-), (35) 


By the preceding equation, this reduces to 
QD 
a] 


OW IVF 


* Our experimental knowledge of circularly or elliptically polarizing media is 
confined to such as are optically either isotropic or uniaxial. The general theory 
of such media, embracing the case of two optic axes, has however been discussed 
by Professor von Lang. (Theorie der Circularpolarization, Sitz.-Ber. Wiener Akad. 
vol. Ixxv, p. 719.) The general results of the present paper, although derived 
from physical hypotheses of an entirely different nature, are quite similar to those 
They would become identical, the writer believes, by the 


(36) 


of the memoir cited. 
pe? oO 


substitution of a constant for or 
] 


-in the equations of this paper. [See es- 


pecially equations (18), (20), (28).] 

That a complete discussion of the subject on any theory must include the case 
of biaxial media having the property of circular or elliptical polarization, is evi- 
dent from the consideration that it must at least be possible to produce examples 
of such media artificially. An isotropic or uniaxial crystal may be made biaxial 
by pressure. If it has the property of circular and elliptic polarization, that pro- 
perty cannot be wholly destroyed by the application of small pressures. 

+ When the rotation of the plane of polarization appears clock-wise to the ob- 
server, it has the character of a left-handed screw. But the circularly polarized 
ray to which Vr relates, the rotation of which also appears clock-wise to the ob 


server, has the character of a right-handed screw. 
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Without any appreciable error, we may substitute U* for 
Ve’ Vy’, which will give* 


Pp 


a (37) 


19. Since these equations involve unknown functions of the 
period, they will not serve for an exact determination of the 
relation between @ and the period. For a rough approxima- 
tion, however, we may assume that the manner in which the 
general displacement in any small part of the medium dis- 
tributes itself among the molecules and intermolecular spaces 
is independent of the period, being determined entirely by the 
values of §, y, €, and their differential coéfficients with respect 
to the codrdinates.+ For a fixed direction of the wave-normal, 
Mand @ will then be constant. Now equations (15) and (36) 
give 

D on? 
a pa = 2 (38) 

“Pp Yr Vu pve Vu 
To express this result in terms of the quantities directly ob- 
served, we may use the equations 

A - 


aed V.= V,=-, U=-., 


Np’ — Mh n 
where & denotes the velocity of light zn vacuo, 4 the wave- 
length zn vacuo of the light employed, mp, nz, the absolute indi- 
4 Lo) ° R L 

ces of refraction of the two rays, and n the index for the optic 
axis as derived from the ellipsoid (24) by Fresnel’s law. We 
thus obtain 

GQn,n,° 27° O'n,?n,? 


— (39) 


2k*A? Hy 
In the case of uniaxial crystals, the direction of the optic axis 
is fixed. We may therefore write 


ae Ss 
J=Np ry, yt 1 ; (40) 


regarding K and K’ as constants. If we had used equation 
(37), we should have had the factor n* instead of npn’. 


* The degree of accuracy of this substitution may be shown as follows. By 
“7 Va (Va ?—U*)=V, (U?—V:i ®), 
whence 
Vz2+V; t=(V2 + V.)0%, 
Va2—Va Vi + Vi 2=U0?, 
Vi V, =U*—(V2 —V, )’. 
+ Compare § 12 of the former paper, on page 270 of this volume, 
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Since this factor varies but slowly with A, it may be neglected, 
if its omission is compensated in the values of K and K’.. The 
formula being only approximative, such a simplitication will 
not necessarily render it less accurate. 

20. But without any such assumption as that contained in 
the last paragraph, we may easily obtain formule for the ex- 
perimental determination of Mand @’ for the optic axis of an 
uniaxial crystal. rset Need analogous to those of § 13 
of the former paper (page 271 of this volume), show that in 
differentiating equation (39) we may regard Mand @ as con- 
stant, although they may actually vary with 2 This equation 
may be written 

DP 27'°' 
=3R (41) 


Therefore, 


| = —27'9’, (42) 
d(53) 


When @ has been determined by this equation, @ may be 
found from the preceding. 

21. If we wish to represent ¢ geometrically, like U, and U,, 
we may construct the surfaces 


Ax’ + By" + Cz + Eyz+ F2e+ Gay=+l, (43) 


the coéfficients A, B. etc., being the same by which Y is ex- 
pressed in terms of L*?, M*, ete. The numerical value of y, for 
any direction of the wave- normal, will thus be represented by 
the square of the rec iproc al of the radius vector of the surface 
drawn in the same direction. The positive or negative charac- 
ter of g must be separately indicated. There are here two 
cases to be distinguished. If the sign of ¢ is the same in all 
directions, the surface will be an ellipse, and we have only to 
know whether all the values of ¢ are to be taken positiv ely or 
all negatively. But if g is positive for some directions and 
negative for others, the surface will consist of two conjugate 
hyperboloids, to one of which the positive, and to the other the 
negative values belong. 

92. The manner in which the ellipsoid (24) may be par- 
tially determined by the relations of symmetry which the 
medium may possess, has been sufficiently discussed in the for- 
mer paper. 

With respect to the quantity g, and the surfaces which 
determine it, the following principle is of fundamental import- 
anee. If one body is identical in its internal structure with 
the image by reflection of another, the values of ¢ in corres 
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ponding lines in the two bodies will be numerically equal but 
have opposite signs.* 

It follows that if a body is identical in internal structure 
with its own image by reflection, the value of ¢ (if not zero for 
all directions) must be positive for some directions and nega- 
tive for others. Moreover, the above described surface by 
which ¢ is represented must consist of two conjugate hyperbo- 
loids, of which one is identical in form with the image by 
reflection of the other. This requires that the hyperboloids 
shall be right cylinders with conjugate rectangular hyperbo- 
las for bases. A crystal characterized by such properties 
will belong to the tetragonal system. Since g=O for the 
optic axis, it would be difficult to distinguish a case of this 
kind from an ordinary uniaxial crystal, unless the ellipsoid (24) 
should approach very closely to a sphere.t+ 

It is only in the very limited case described in the last para- 
graph that a medium which is identical in its internal struct- 
ure with its image by reflection can have the property of cir- 
cular or elliptic polarization. To media which are unlike their 
images by reflection, and have the property of circular polariza- 
tion, we may apply the following general principles. 

If the medium has any axis of symmetry, the ellipsoid or 
hyperboloids which represent the values of g will have an axis 
in the same direction. If the mediaum after a revolution of 
less than 180° about any axis is equivalent to the medium in 
its first position, the ellipsoid or hyperboloids will have an 
axis of revolution in that direction. 

23. The laws of the propagation of light in plane waves, 
which have thus been derived from the single hypothesis that 
the disturbance by which light is transmitted consists of solen- 
oidal electrical fluxes, and which apply to light of different 
colors and to the most general case of perfectly transparent 
and sensibly homogeneous media not subject to magnetic 
action,$ are essentially those which are generally received as 

*The necessity of the opposite signs will perhaps appear most readily from 
the consideration that the direction of rotation of the piane of polarization must 
be opposite in the two bodies. 

+ There is no difficulty in conceiving of the constitution of a body which would 
have the properties described above. Thus, we may imagine a body with mole- 
cules of a spiral form, of which one-half are right-handed and one-half left- 
handed, and we may suppose that the motion of electricity is opposed by a less 
resistance within them than without. If the axes of the right-handed molecules 
are parallel to the axis of X, and those of the left-handed molecules to the axis of 
Y, their effects would counterbalance one another when the wave-normal is par- 
allel to the axis of Z. But when the wave-normal (of a beam of linearly polar- 
ized light), is perallel to the axis of X, the left-handed molecules would produce a 
left-handed (negative) rotation of the plane of polarization. the right-handed mole- 
cules having no effect; and when the wave-normal is parallel to the axis of Y, the 
reverse would be the case. 

¢ The rotation of the plane of polarization which is produced by magnetic 
action has been discussed by Maxwell ( Treatise on Electricity and Magnetism, vol. 
ii, Chap. XXI), and by Rowland (Amer. Journ. Math., vol. iii, p. 107). 
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embodying the results of experiment. In no particular, so far 
as the writer is aware, do they conflict with the results of ex- 
periment, or require the aid of auxiliary and forced hypotheses 
to bring them into harmony therewith. 

In this respect, the electromagnetic theory of light stands in 
marked contrast with that theory in which the properties of an 
elastic solid are attributed to the ether,—a contrast which was 
very distinct in Maxwell’s derivation of Fresnel’s laws from 
electrical principles, but becomes more striking as we follow 
the subject farther into its details, and take account of the 
want of absolute homogeneity in the medium, so as to embrace 
the phenomena of the dispersion of colors and circular and 
elliptical polarization. 











Art. LV.— New Phyllopod Crustaceans from the Devonian of 
Western New. York; by JoHN M. CLARKE, Smith College. 
With a Plate (unnumbered. ) 


Estheria pulex, n. sp. Plate, fig. 4. 


IN examining some fragments of soft, olive-colored shale 
from near the base of the Hamilton proper, in Miles’ Gully, 
Hopewell, Ontario Co., I have detected the above representa- 


tive of this extremely interesting genus. The little carapaces 
are never more than $™ in width and 3™ in length, and may 
be described as having the ventral margin nearly semi-circular, 
the beak central cr very slightly anterior, hinge line sloping 
laterally. The surface is marked by six, or in the largest 
seven, concentric ridges which are very broad with narrow in- 
tervening furrows. ‘There appears to be no more elaborate 
sculpturing of the carapaces than Jones has figured for his 
species EL. membranacea, which is the simplest of any as yet 
noticed. 

It is interesting to notice that this Estheria, the first ever 
found below the Trias in America and nowhere at so low an 
horizon as this, resembles in its sub-central beak, its outline 
and surface markings, this species just referred to, #. mem- 
branacea Jones, from the Old Red of Caithness, while all others 
figured by that author (Mon. Esth. Paleontogr. Soe., vol. xviii) 
are from higher horizons, have the beak anterior, and the out- 
line of the carapace more nearly sub-trigonal. 

All recent Estherie are found in fresh, or, in possible cases, 
brackish waters. In some general remarks in this connection 
Jones has said that “seeing that Estherie appear in pools and 
ditches of rain-water, it is not unlikely that pools of fresh water 
temporarily formed on a flat sea-shore may have been inhabited 





1. 2. 3. Spathiocaris Emersonii Clarke 


4. Estheria pulex 


5. Lisgocaris Luthen 
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by Estherie, destined to be quickly buried in the first wind- 
drift of sand on the return of high tide.” We can not prove 
from this species, 2. pulex, the presence of fresh-water deposits 
in the Hamilton, but the evidence is fairly in favor of brackish 
water pools, guarded from the action of the waves of the open 
ocean and depositing a smooth muddy bottom. Associated with 
these clannish little fellows are undescribed species of Beyrichia, 
Leperditia, Entomis, with a species of Discina not identified, 
and this association, omitting the Discina, is not an impossible 
one for such a brackish water pond. Even the Diseina itself 
is not a serious objection to it, as I have found but a single 
example, which may have been washed in either as a dead shell, 
or as a live one, and if the latter, may have soon yielded to its 
unfavorable environment and died, or have adapted itself to 
the change and have lived on in an abnormal condition, as this 
specimen seems to prove. 
Spathiocaris, n. g. (G7za6n=a spathe.) Plate, figs. 1, 2, 3. 


Ss 


Carapace in one piece (?), oblong-elliptical ; dimensions when 
normal, length : width ::3:2. Anterior and posterior mar- 
ginal curvature of the same value except near the sides of the 
fissure on the posterior extremity where for a short distance 
the ouline becomes rectilinear. The central portion of the 
sarapace elevated, the apical point being nearly a focus of the 


ellipse, and from this point starts a cleft extending backward 
and regularly widening to the posterior margin. No evidence 
of dorsal suture except in the fact that when flattened laterally, 
as many specimens are, the line of folding is usually straight 
from apex to anterior margin, but there is no external mark of 
a commissure in the ornamentation lines on the surface. It 
has for several years been a matter of some doubt to myself, 
whether this fossil should be looked upon as crustacean, which 
I now believe it to be, or some new form of Discinoid brachio- 
pod which it very closely resembles, but my reasons for believ- 
ing it the former lie in the fact that while I have in my posses- 
sion thirty specimens, all that have as yet been found and all 
from a layer only a few inches in thickness, they show a great 
variation in size from a length of four to sixty millimeters, a 
fragment of an unusually large individual showing a probable 
length of even eighty or ninety millimeters, which is not a fact 
to expect from the Discinoid brachiopods; and, moreover, every 
specimen that is well preserved shows the cleft in the carapace, 
so that among them all there is no evidence of the ventral or 
non-fissured valve which we should expect to find if the animal 
had been brachiopodous. The genus Diseinocaris described by 
Woodward from the Moffat shales of Dumfriesshire (Quart. 
Jour. Geol. Soc., vol. xxii), agrees with Spathiocaris in the 
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anchylosis of the lateral valves and its wide, wedge-shaped 
cleft, but differs in the presence of the “rostrum” or plate 
acting as another valve to cover the cleft, and also in its more 
nearly circular outline. 

The ornamentation of the surface of the carapace in this 
species, S. Hmersonii, n. sp., consists of low concentric ridges 
which never lose their continuity, but contiguous ridges are 
more closely appressed on the sides than at the extremities 
of the valves. At the edges of the cleft these lines show a 
tendency to a retral bending. 

Radiating lines from the apex of the cleft to the margin 
cover the anterior portion of the carapace and give to this part 
a strong decussate sculpturing which is rarely noticeable along 
the margins of the cleft. I am not satisfied that I have seen 
the abdominal arthromeres of this species, though it will be 
only a matter of time for their detection. 

The geological horizon in which this occurs, the Portage, is 
usually regarded as barren of fossils in New York, but is show- 
ing under careful scrutimy many facts of paleontological inter- 
est and bids fairly especially in the direction of the phyllopod 
crustacea. 

From Naples, Ontario Co., N. Y. 

Fig. 1. Spathiocaris Emersonii, shows the carapace free from compression but 
with an unusually central apex.—Fig. 2. The same, young.—Fig. 3. The same, 
showing by lateral compression the usual position of the apex and length of the 
abdominal cleft, as well as the position of the possible dorsal suture. 


Lisgocaris, n. g. (Aioyos=a shovel.) 


Carapace in one piece, without evidence of dorsal suture. 
Periphery sub-pentagonal, lateral edges parallel, making sharp 
angles with the two anterior edges. Anterior edges re-entrantly 
curved and meeting in the axis of the carapace. As in the 
genus Spathocaris, there is an abdominal cleft beginning cen- 
trally and at the highest point of the carapace, which is con- 
siderably elevated, and widening to the posterior margin. 

This species, /. Luther’, has the surface of the carapace con- 
centrically marked with fine, crowded, impressed lines. No 
evidence of abdominal arthromeres. This is a very delicate 
form measuring three by two millimeters, which has been 
found near the base of the Hamilton proper in the same horizon 
as Kstheria pulex. It belongs to the apus type of the phyllopods 
with Peltocaris Salter, Diseinocaris Woodward, and Spathiocaris. 

Northampton, Mass. 
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Arr. LVI.—An Organ-Pipe Sonometer; by W. LEConTE 
STEVENS.* 


WHILE using the sonometer in illustrating the laws of vibra- 
tion of stretched cords and the nature of musical scales, it has 
been found desirable to have an instrument on which division- 
marks were properly arranged to furnish the operator the means 
of contrasting the scale of equal temperament with the true 
natural scale, and thus showing to some extent the error of the 
ordinary keyed instruments. In demonstrating the laws of vi- 
bration of columns of air, moreover, it is not always easy to 
obtain the successive notes of the harmonic series from a single 
pipe. If the fundamental is pure and strong, either the upper 
harmonics are unattainable or several are attained at the same 
moment, and the untrained ear fails to single out the one to 
which attention is invited. If a single standard of pitch be 
kept at hand for comparison, the auditor must be practiced in 
estimating musical intervals; hence a ‘tuning fork alone is not 
sufficient for most persons. It occurred to me that the union 
of sonometer with organ pipe in a single instrument would be 
attended with some advantages, particularly in connection with 
the exhibition of Bernoulli’s Jaws. The following device has 
been found very satisfactory. 

The resonance-box consists of a double organ pipe of spruce, 
which is rested horizontally on the lecture table. The two em- 
bouchures are on opposite sides, one being turned toward the 
operator, as in fig. 1. The air-blast, from either the lungs or a 
pair of bellows, may be forced into either one or both pipes at 
will through gum tubes. ‘The interior dimensions of each pipe 
are 52™™ by 6§2™™", while the length is adjusted to give as fund- 
amental note, C, 132 vibrations per second. At the open end 
of one pipe is a sliding plate (a) by which it may be thrown 
out of unison with the other, thus producing beats. A stop 
may be thrust, by means of its handle, half way into one of 
the pair, converting it at will into a stopped pipe whose funda- 
mental is the same as that of the open pipe of double its 
length. 

The upper wall consists of a single plate of spruce, 5™™ thick, 
that forms the sound-board of the sonometer. Firmly fixed at 
each end is a block of hard wood (é, b’) into which piano pins 
are driven for the attachment of three steel wires which pass 
over the fixed bridges (ce, c’). The latter are exactly 1™ apart, in 
contact with the ends of a strip of wood divided at each edge 
into millimeters, and occupying the middle of the sound- board. 
This strip not only serves as a guide for the movable bridges 


* Presented before the New York Academy of Sciences, May Ist, 1882. 
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(d, d’) but makes it easy to mark off the division lines at their 
proper places. A longitudinal line divides its surface into two 
equal parts ; that on the side toward the operator is marked off 
so as to give cord-lengths for the natural scale, by changing the 
fractions $, 4, 3, etc., into decimals. The results are indicated, 
correct to three places, on the millimeter scale. Three octaves 
in succession are thus marked off; the lines for the first octave 
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extending across to the edge of the sound-board, as in fig. 2, 
which represents a part of the instrument viewed from above. 
By multiplying each of these lengths successively by 4$% and 
128 we obtain cord-lengths for the chromatic intervals of the 
natural scale. These are marked off for two octaves, the lines 
extending half way to the edge. The other side of the central 
strip (e e’, fig. 2) is marked off to give cord-lengths for the suc- 
cessive semitone intervals of the scale of equal temperament. 
These are easily calculated with the aid of a table of logarithms ; 
for since the twelve intervals of this scale are equal, the succes- 
sive vibration-numbers form a geometric series, in which the 
common ratio is 
f= /2 = 1°05946. 


The reciprocal of this is the ratio for cord-lengths, and is 


ry’ = *94388, 
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Thus, the cord-length for C being one meter, we have for OF, 
1=944™"; for D, l= 891™™, etc. ‘Two octaves are thus marked 
off for the scale of equal temperament, with twelve division- 
lines to the octave, while on the other side are twenty-one to 
the octave. 

Of the three wires, the two outer ones are kept permanently 
unisonant, or as nearly so as possible, sounding the same note, 
C, as the fundamental of the organ-pipes. ‘That in the middle 
terminates at the left in a stiff ring, so as to be detached in a 
moment from the hook against which it is ordinarily kept 
pulled. The ring may then be attached in like manner toa 
bent lever, such as is employed with the sonometers constructed 
by Mr. Ritchie, to show the law of variation in tension. 

Since the tension of the outer wires is kept constant, each 
division-mark in both natural and tempered scales, is distinctly 
labeled, as shown in fig. 2. The movable bridges are black at 
the front edges so as to contrast strongly with the white sprace 
on which they slide. Suppose the bridge d’ to be adjusted so 
that its wire sounds E of the natural scale, while its companion, 
d, is adjusted to give E of the tempered scale. The difference 
in piteh is nearly a comma, and can be detected bya good ear. 
But this is additionally made visible by turning the sonometer 
toward the audience, and resting it on its narrow side; the dif- 
ference in position of the bridges being easily detectible even 
when the ear fails to distinguish between the two sounds. Ev- 
ery note in the two scales can thus be compared in a few mo- 
ments, starting with C as key note. 

The necessity for temperament, and yet the unavoidable 
error of a tempered scale, is still better shown by taking some 
derived key for purposes of comparison ; for example, that of 
G. For this purpose a separate strip (f,/”, fig. 2), properly 
marked off, is placed at the side of the central strip, the mov- 
able bridge being grooved below to slide over it. It is pre- 
pared by marking a strip whose length is % mever at distances 
4 4,, 5.55) 4, and then discarding the unmarked half. Plac- 
ing the initial extremity of this scale in contact with the divis- 
ion-mark G of the tempered scale, which in this case sensibly 
coincides with that of G on the natural scale, it is seen that the 
second note, if correctly tuned, would be a trifle higher than 
tempered A, and decidedly higher than natural A; the third 
would be lower than tempered B, and unisonant with natural 
B; the fourth unisonant with C, both tempered and natural, 
etc. Such a strip can be constructed for each one of the de- 
rived keys employed in music, though the principle is suf- 
ficiently shown with but one. 

The division-marks 4, 4, 4, 4, }, ete., each labeled with the 
name of the corresponding note, 0’, G’, C”, E’”’, G”, etc., as well 
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as with the figures composing the fraction, render it easy to 

obtain with quickness and accuracy the first ten or twelve notes 
of the harmonic series, besides facilitating experiments on co- 
vibration. 

To obtain the harmonic series from the open organ-pipe, it is 
found convenient to modify the size of the embouchure and 
the diameter of the pipe. For this last purpose a piece of 
wood, 120™ long, 6™ wide, and 2™ thick, is thrust into the 
pipe next the operator, thus practically diminishing the volume 
of air set in motion, and increasing the ratio of length to width. 
A sliding plate (yg, fig. 1,) of thin sheet-iron serves to narrow 
the embouchure at will. By varying the force of the blast 
from the lungs eight or ten successive notes of the harmonic 
series are thus secured and compared at the same time with 
those obtained by aid of the wire and labeled scale. The stop 
can then be thrust into one pipe, and several of the odd series 
of harmonics elicited. 

The wali of the pipe next the operator is perforated with 
three small holes, at distances 4, $, #, from the open end. 
These are kept stopped with plugs, whic h may be removed at 
will. Immediately around them the wall is covered with sheet 
rubber (fh, /), to secure an air-tight fit for the funnel (&) from 
which a tube (/) convevs waves to a manometric capsule.. The 
position of nodal points in the air-column is thus shown. By 
fitting the tube (/) upon a Y-tube like that shown at (m), and 
interposing between “ and another Y-tube a pair of rubber 
tubes, one of which is longer than the other by a half wave- 
length, the apparatus can be utilized for illustrating interference, 
with the aid of the manometric flame. 

40 West Fortieth street, New York, May 3d, 1882. 





SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHYSICS. 


New apparatus for determining Melting Points.—Cross and 
Bevan have proposed a simple method for determining melting 
points which is free from some of the objections of other methods. 
A small strip of thin sheet iron 9 by 17"™ has a hole cut at one 
end to admit the bulb of the thermometer, which it fits somewhat 
closely, and contains a small indentation near the other end 1°5™™ 
deep and 2™™" in diameter. A glass float is also made, of very 
fine tube with a small bulb at its lower end, into which is sealed 
a piece of platinum wire bent at right angles at its extremity. 
To make an observation, a very small quantity of the substance 
is melted in the indentation of the plate and while still liquid the 
platinum wire of the float is placed in it and allowed to become 
fixed by cooling. The plate is then attached to the thermome- 
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ter and the whole is immersed in mercury. On heating this 
slowly, the thermometer being watched, a point is reached at 
which the substance melts and the float is liberated, rising to the 
surface of the mercury. Figures are given to show the accuracy 
of the new method. Purified paraffin fused at 52°5°, resorcinol at 
105°0°, mercuric chloride at 258°3° and sodium nitrate at 286-8°— 
Jd. ¢ the m. Soe., xii, 111, March. 1882. G. F. B. 

2. On the Critical Temperatures of Organic Liquids. —Paw- 
LEWSKI has given the results of an extended inv estigation of the 
critical temperatures of organic liquids. He finds, (1) that the 
critical temperatures of homologous compounds differ from their 
boiling points by a constant quantity; (2) that isomeric ethers 
have the same or very nearly the same critical temperatures; (3) 
that bodies in which double union of carbon occurs possess con- 
siderably higher critical temperatures than their isomers in 
which there is no such union, agreeing in this particular aeigy the 
boiling points; (4) that the critic: al temperature T,, 0 mix- 
ture of two liquids can be expressed by the — ce 
vrv+ (100-”)T 

100 
constituents and T and T’ their critical temperatures; (5) that 
the above formula gives the means for determining the critical 
temperatures of bodies of high boiling points from their more vol- 
atile mixtures; since, if the critical temperature and the per- 
centage composition of the mixture are known, as well as the 
critical temperature of the less volatile constituent, that of the 
more volatile one is obtained by transposing the formula T’= 
100 T,,—nT 
~ 100—n 
volatile liquids can be obtained from the same formula, provided 
the critical temperature of the mixture and of each constituent is 
+ a ) Owing to the facility with which 
water attacks glass at high temperatures, the action beginning 
even at 240°, the author has not been able to fix very accurately 
the critical temperature of this liquid.— Ber. Berl. Chem, Ges., 

v, 460, March, 1882. G. F. B. 

3. On anew Carbon Sulphobromide.—HE tt and Urecu have 
observed that bromine readily reacts upon carbon disulphide. — If 
a mixture of these substances, best in the proportion of two 
molecules of the former to one of the latter, be allowed to stand 
for some days and then the excess of CS, be distilled off in a 
water bath, a brownish-red oily residue is left, which does not 
solidify if protected from moisture, but which by the action of 
water becomes a mass of yellow crystals, which can be purified 
by recrystallization from ether. Alcohol also causes the crystal- 
lization. The new body is thus obtained in the form of small, 
bright prismatic crystals—or if ap ade separated, of rhombic 
plates—having the composition C,S.Br,, or carbon trisulpho-hexa- 
bromide. It fuses at 125° to a red liquid and solidifies unchanged 
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on cooling. At higher temperatures it decomposes evolving 
brown-red condensible fumes and leaving a coal. When pure it 
has no odor or taste. It is insoluble in water, difficultly soluble 
in cold ether, alcohol and glacial acetic acid, somewhat more 
easily in benzene, petroleum naphtha, chloroform, and entirely in 
CS, and bromine. Dilute alkalies in the cold are without 
action; on heating with NaOH it decomposes as follows: 


C,S,Br,+(NaOH),, =(Na,CO,), + Na.S8,+(NaBr),+(H,0),. 
The author gives four possible constitutional formulas for this 
=Be, ; c} eg 
—_S— Br =f 

; Br ? Brs ) | 
7 —S—Br ( S 
| =e, 


and 


te 
(Cc 
Br,. He gives the preference to the lat- 
ter on account of the decomposition products. The oily body 
from which it was produced gave on analysis CS,br, or Br, 
=C=S=Br,. The crystalline body is therefore a condensation 
product of the oily one.—Ber. Berl. Chem. Ges., xv, 273, Feb- 
ruary, 1882. G. F. B. 
4, Ona new Sulphur oxychloride.—OcieR has obtained a new 
oxychloride of sulphur by heating to 250° in sealed tubes a mix- 
ture of equal weights $,Cl, and SO,Cl,. The liquid becomes dark 
red in color and on opening the tubes SO, is evolved, and 
liquid remains which distills at 60°, and gives on analysis the 
formula S,OCI,. It is formed according to the equation (S,Cl,).+ 
(SO,Cl,),.=(S,OCL,).+S0,+8. It is a dark red liquid of density 
1°656 at 0°, and of a repulsive odor recalling that of sulphur 
chloride. Water decomposes it, yielding sulphur, sulphurous and 
sulphuric acids, hydrogen chloride and some thionic acids. Heat 
of 100° decomposes it into sulphurous oxide, sulphur chloride 
and chlorine. Its calculated density is 3°84; observed 3°98, 3°84, 
3°75 by Victor Meyer's method ; 3°9 by the method of Dumas. 
The author supposes it to be derived from the hypothetical body 
8,0, by the substitution of Cl, for O..— Bull. Soc. Ch., IL, xxxvil, 
293, April, 1882. G. F. B. 
5. On the Physical Prope rties of Carbon Oxysulphide.—The 
purification of carbon oxysulphide from carbon disulphide is a 
difficult process. ILosvay proposes to pass the mixture through 
a column of freshly calcined charcoal, which totally removes the 
CS,. With the gas thus purified the author has determined some 
of its physical properties. Its expansion-coéfficient was measured 
by Regnault’s method, somewhat modified, both at constant 
pressure and constant volume. Nine de termin: itions at constant 
volume, the gas being renewed five times, and the oraigeg vary- 
ing from 741°29 to 766°2"™", gave as a mean for 1+ 100a, 1°37317. 
The mean under constant pressure was 1°37908. In the Cailletet 
apparatus the gas was easily liquefied, the pressure required at 
various temperatures being as follows: At 0°, liquid at 12°5 at- 
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mospheres; at 3°8°, 15°0; at 10°7°, 175; at 12°0°, 19°6; at 17°, 
215; at 39°8°, 44; at 41°2°,45; at 63°0°,59; at 69°, 65; at 
74°6°, 74; at 85°, 80°0. The critical point was found to be at 
105°. Liquid COS is colorless, very mobile, highly refractive. 
Expanded suddenly it freezes in small solid flocks, It dissolves 
sulpbur, and mixes with alcohol and ether, but not with water or 
glycerin. It is thus intermediate in its properties between CS, 
and CO,.— Bull. Soc. Ch., U1, xxxvii, 294, April, 1882. G. F. B. 

6. On the Formation of Metallic Alloys by Pressure. — In 
1878 and 1880 Spring showed that many substances when sub- 
mitted to a pressure of several thousand atmospheres formed 
masses looking very much as if they had been melted. Moreover 
he observed that when a less dense allotropic form, as prismatic 
sulphur, was pressed in this way, it became a more dense variety, 
octahedral sulphur. Yellow mercuric iodide passes into red 
solely by pressure. In general a chemical reaction will be 
effected by pressure provided the resultant is denser than the 
components, copper and sulphur giving under pressure, cuprous 
sulphide. Hence the author enunciates the general proposition 
that matter assumes the state or condition which corresponds to 
the volume it is forced to occupy. Alloys suggested themselves 
to him as likely to prove this law, since were the mass after pres- 
sure only a mixture, the fusing point would not have changed. 
A coarse powder of filings of bismuth, cadmium and tin, in the 
proportions required to form Wood’s fusible metal, was prepared 
and submitted to a pressure of 7500 atmospheres. The block 
was reduced to filings and again pressed. It now resembled 
Wood’s alloy completely in density, color, hardness, brittleness 
and fracture. Moreover it melted completely in water at 70°. 
A similar mixture of lead, bismuth and tin in the proportions of 
Rose’s alloy, after two pressings, melted in boiling water. Zinc 
and copper filings after five or six pressings gave a mass closely 
resembling brass. He quotes an experiment by Romna who 
sought to make a fine platinum wire by drawing it down ina 
cylinder of silver and then dissolving the silver off with nitric 
acid, after Wollaston’s method. But to his surprise both plati- 
num and silver dissolved in the acid, the pressure in the die-plate 
having united the two into a definite alloy. — Ber. Berl. Chem. 
Ges., xv, 595, March, 1882. G. F. B. 

7. On a Symmetrical Chlor-ethyl oxide.—The isomers alde- 
hyde and ethylene oxide form many analogous compounds, but 
though the glycol of ethylene has long been known, that of ethy- 
lidene has not been prepared. Hanrior has sought to produce 
the monochlorhydrin of ethylidene glycol by acting on aldehyde 
with hydrogen chloride, the latter being passed into the liquid, 
cooled to 5°, in a slow stream so long as it remains clear. The 
aldehyde absorbs nearly two-thirds of its weight of HCl. The 
liquid is then immediately distilled, in vacuo, a vessel of caustic 
lime being placed between the receiver and the water pump. 
Under a pressure of 1™ of mercury a liquid passes over boiling 
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between 25° and 30° having the composition C,H,OCI. On 
standing it becomes turbid and breaks up according to the equa- 
tion (C,H ,OCI),=C,H,OCI,+H,0, into the ethylidene oxychlo- 
ride of Lieben and water. The former distills at 52° under a 
pressure of 4% of mercury. The first of the above liquids being 
CH, 
*( OH 
ethylidene monochlorhydrin CH 1 Cl? the author regards the 


second as symmetrical ate oxide CH'CHC! ¢ 


.4 CH.CH, dine. 
analogous to ethyl oxide C HC H O. This constitution he has 


verified by causing zine ethyl to react upon the body. The 
CH,CHCH,CH, 
action is prompt and there results O secondary 
CH,CHCH,CH, 
butyl oxide. Sodium ethylate gives the same ethylidene OXxy- 
chloride in which one of the chlorine atoms is replaced by 
oxethyl.— Ann. Chim. Phys., V, xxv, 219, February, 1882. 
G. F. B. 
8 On the Constitution of Quinones.—J arp and STREATFEILD 
have pointed out the probability that the reaction with aldehyde 
and ammonia belongs to the class of condensations in the ortho 
series and that consequently it ought not to be capable of exten- 
sion to para-quinones. Indeed they suggest this reaction as a 
proof of the ortho-position in quinones. Having found that both 
benzoquinone and a-naphthoquinone yield with benzaldehyde 
and aqueous ammonia, nothing but brown resinous products, they 
tried chryso-quinone and f/-naphthoquinone. Three grams of the 
former was heated with an excess of benzaldehyde and aqueous 
ammonia to 100° for one hour in a sealed tube. On solution in 
hot benzene, silky needles were pbtained of the composition 
C,,H,,NO, being benzenyl-amido-chrysol.—J. Chem. Soe., xi, 
157, April, 1882. G. F. B. 
9. On the Preparation of Alizarin-orange. — Simon has 
observed that if dinitro-oxyanthraquinone is suspended in boiling 
water and very little of a 20 per cent solution of sodium hydr ate 
be added, a deep red slide of the sodium salt is at first formed 
and then the color passes into purple, and a dark red flocky 
sodium salt separates. This decomposed with HCl and the yel- 
low residue crystallized from glacial acetic acid, gave beautiful 
orange-red needles of a mono-nitro-alizarin, #-nitro-alizarin. It 
fuses at 244°, and dyes orange with alumina, The reaction is: 
C,,H,O,(OH) (NO,), + KOH=KNO,+C,,H.O (NO,)(OH),. The 
constitution of the dinitro- body is thus fixed.— Ber. Berl. Chem. 
Ges., xv, 692, March, 1882. G. F. B. 
10. Photonsetric TInvestigation.—In this paper E. Kerever and 
C. Putrricu continue earlier work (Wied. Ann., xii, p. 481, 1881). 
The absorption curves of various substances are considered as 
composed of several curves, and a special study is made of Glan’s 
photometer; the instrument is then applied to a very careful 
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study of the absorption curves of cyanine, with a view to modifying 
the theoretical formulas which are used to express the absorption 
relations. It is found that the extinction coéfticient of a colored 
solution is closely proportional to the amount of the coloring 
matter. The study of the composite character of the absorption 
curves give certain values of the constants used in the theoretical 


formulas. A portion of the paper is devoted to a reéxamination of 


the question of the connection between refraction and absorption. 
— Ann. der Physik und Chemie, No. 3, 1882, pp. 337-378. J. . 

11. Theory of Elliptical double Refraction.—E. LoMMEL ap- 
plies the theory of light, previously enunciated by him, to this 
subject, and finds a satisfactory agreement between theory and 
experiment. His earlier papers are contained in Wied. Ann., iv, 
p. 58, 1878; Wied. Ann., xiv, p- 523, 1881.— Wied. Ann., " 3. 
pp- 378-391, 1882. J. 

12. Difference of Potential between a Metal and Fluids of ‘liffer- 
ge Concentration.—Dr, Erasmus Krrr.er continues his work 
upon this subject with especial reference to chloride of lithium, 
chloride of barium, chloride of strontium, chloride of calcium, 
chloride of magnesium and chloride of manganese.—Ann. der 
Physik und Chemie, No. 3, 1882, pp. 391-412, J.T. 

13. Hlectrical Saletan of a Vacuwun.—E, Epiunp*® reviews 
the observations of various experimenters upon the electrical 
resistances of gases in different states of rarefaction, and finds 
that the phenomena observed can be explained on the hypothesis 
that a vacuum conducts electricity. With this hypothesis he 
finds no difficulty in explaining the connection between elec- 
trical disturbances on our earth with various phenomena going 
on on the sun’s surface. The celestial bodies are mutually influ- 
enced not only by the law of gravitation and light and heat rays, 
but also by electrical energy. If a vacuum is a good conductor 
of electricity, an electrical charge upon one planet or star would 
communcicate by induction a corresponding charge in other 
celestial bodies, and an electrical pulsation would be propagated 
through space. It appears to the author that the hypothesis that 
ordinary matter is a necessary medium for electrical action is 
erroneous ; and the terms expressing conductibility therefore lose 
all physical meaning. Various material bodies oppose a greater 
or less resistance to the propagation of electrical disturbances, 
The action of these bodies is passive not active.—Ann. der 
Physik und Chemie, No. 4, 1882, pp. 514-533. s. &. 

14. Solar Heat.—The engines of Mouchot and others which are 
designed to utilize solar radiation have suggested the possibility 
of creat economy of fuel. M. A. Crova gives a short note upon 
the results obtained by a commission appointed by the minister of 
public works. The commission carried on the experiments at 
Montpellier, and used a mirror having a section of 5°22™ normal 
to the solar rays, which were concentrated upon a blackened 
boiler placed at the focus. The boiler was surrounded by a glass 

* See also p. 149. 
Am. Jour. Sc1.—Tuirp Ssrigs, VoL. XXIII, No. 138.—Jung, 1882, 
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cylinder, and the steam arising from the boiler was condensed in 
a serpentine condenser. The number of calories utilized by the 
apparatus was deduced from the weight of water distilled per 
hour; and hourly actinometric observations gave the number of 
calories that were received by the apparatus. At the same time 
the temperature of the air, its hygrometric state, and the heat of 
the sun were measured; and the thickness of the atmospheric 
layer traversed was calculated by the formula of Laplace. a 
number of calories utilized and that received were e xpressed i 
great calories (kilogramme-degré) received in one hour upon "8 
of surface normal to the solar rays; their quotient gave the effi- 
ciency of the apparatus. The following table expresses the princi- 
pal results obtained : 

Average Value of Results obtained during 1881, per 1™4 per 14, 


Maximum 
Cal, Cal 


Heat received directly ..-616°1 945°0 (25 April.) 
Heat utilized by apparatus 258°8 547°5 (15 June.) 
Mean of efficiency --- ~ebees= 0) 0°854 (14 June.) 
Under the most favorable circumstances, that is to say, with an 
incident radiation of 1200 cal. per square meter per hour, which 
was never obtained, and with an efficiency of eighty per cent, 
960 cal. would result. This number represents very nearly the 
heat produced by 240° of coal, admitting that ne arly one-half of 
the heat that it produces i in burning is utilized i in converting water 
into steam. In reality, in the climate Of France not one-half of 
this efficiency is obtained. The sun does not shine continuously 
enough to make an apparatus of the description used by the com- 
mission practicable. The possibility of its utilization in very hot 
and dry climates depends upon a number of circumstances, among 
which enter the difficulty of procuring fuel and the cost of the 
solar apparatus.— ( ‘ompte s Rendus, No. 14 1882, pp. 943-945. 
a 
15. Aconitic Acid, From Sorghum Juices.—H. 5. PARSONS 
(Amer. Chem. Journal, iv, No. 1), has examined the scale which 
deposits from clear detecated sorghum juice, after treatment with 
milk of lime to faint alkalinity, on boiling, and which adheres as 
a light buff-colored deposit tenaciously to the evaporating pans. 
This scale is easily soluble in hydrochloric acid without efferves- 
cence, and the solution reacts abundantly for lime and magnesia 
but not for glucose or sucrose. Hence it is not a lime sucrate or 
sulphate, as has been supposed. Analysis showed the presence 
of lime and magnesium oxides with water and organic matter. 
Eliminating accidental impurities and considering the scale an 
impure lime salt, it gave the composition H,O 7°95, CaO 24°32, 
organic matter 67°73. The organic acid was separated from the 
finely nulverized scale by dilute sulphuric acid in quantity short 
of saturation of the calcium, and salts of zine, lead, silver, magne- 
sium and calcium respectively found with it and subsequently 
analyzed with results very closely agreeing to the assumption 
that the sorghum scale is a two-thirds metallic calcic aconitate 
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with one molecule of combined water (CaHC,H,O,. H,O) aconitic 
acid =C,H,O,. Arno Behr has determined the presence of acon- 
itic acid in the melado of the West Indies, (Bericht. der deutsch. 
Chem. Ges., x, 251). It also exists, as is well known, in the 
juices of the Monkshood or Woltsbane (Aconitum Napellus), and 
of Blue rocket (Delphiniwm Consolida) as calcium aconitate, the 
same salt now found in sugar cane juice and sorghum, B. 5. 


II. GEoLoGy AND NATURAL History. 


1. The Climatic Changes of later Geological Times: a Dis- 
cussion based on observations made in the Cordilleras of North 
America; by J. D. Wurrney. Part II. pp. 121 to 264, 4to. 
Vol. vii, No. 2, Part II, of the Memoirs of the Museum of ‘Com- 
parative Zoology, C ambridge. 1882. Printed for the Museum.— 
The first part of this memoir, covering 120 pages, was published 
in 1880, and is neticed in volume xx, of this Journal (p. 460). 
The view which Professor Whitney partly presented, and sup- 
ported by facts from North America, in the preceding pages of his 
memoir—that secular desiccation of the globe, begun as far back 
as the Cretaceous era, was still in progress—is illustrated further, 
in this Second part, by facts from “the Asiatic Continent and 
other portions of the world,” after which follows a discussion of 
the desiccation-question as to its relation to other events, and its 
possible causes. The facts brought forward are largely those of 
historical time, which he has gathered with much research from the 
publications of historians and trav elers, but partly from his own 
personal observations. They are skillfully and fairly presented, 
making pages of reading full of interest to the general reader not 
less than to science; for the question whether the world is more 
or less slowly becoming dried up and unfit for human existence is 
one of wide concern. The following statements are condensed 
from its pages. 

The region about the Mediterranean in Asia and Africa, and to 
a less extent in Europe, that is, from the Western Himalay: 
westward—the area of the early development of the race, ier 
once inhabited by a dense population that led the world in civili- 
zation—has lost its preé minence, and a large part of the people 
now rank among the semi-barbarous of the world. The causes of 
this degradation have been many; but one physical cause has 
made “life no longer possible there except under conditions which 
are not compatible with density of population or with intellectual 
vigor ”—namely, “the countries in question have become very 
materially drier than they were during the earlier historic period.” 

This proposition is sustained by citations from observers as to 
the diminishing water-surface of the basin of the Aral and Caspian, 
and the dryness of the table-land of Persia, on account of which 
the population has diminished and is necessarily diminishing ; 
which dwindling of lakes and drying of streams and land Mr, W. 
T. Blanford, the geologist of the Anglo-Per rsian Boundary Com- 
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mission, has attributed to a gradual reduction in the rainfall 

modern times, consequent on a gradual change in the climate of 
Central Asia. The diminution of lakes and the making the 
number few where once there were many in Western Thibet and 
Turkestan is attributed to the same general cause by Von Schla- 
gintweit and the Geologic al Survey of India—*a progressive 
decrease of precipitation.” The same report is derived from other 
parts of Asia. Among many other similar accounts it is said of 
Arabia—“ it is a well established fact that the volume of flowing 
water is constantly diminishing ;” of the region bordering on the 
lower Euphrates and Tigris, once the most fruitful land of anti- 
quity, “the garden of the world,” the alluvial bottoms are now 
covered with plants of a saline soil; of the peninsula of Sinai, 
“undoubted traces of rich pasturage, of watered ground and of 
human habitation,” were found by Messrs. Tyrwhitt-Drake and 
Palmer “ where all is now a howling waste,” and “the area of 
some 3,000 square miles, formerly so rich in oases, which, thirty- 
one centuries ago, could send into the field 135,000 swordsmen, i Is 
abandoned to a few hundreds of a mongrel Egypto-Bedawi race, 
half peasants, half nomads;” of Egypt, a similar history; of 
Greece, as Professor Unger reports—* instead of the former fruit- 
ful and well-watered meadows and pastures, now only dry fields 
and bosky hills devoid of forests are to be found, and, in conse- 
quence of this, it is impossible that Greece should ever be again 
drawn within the circle of Western culture ;”’ and Professor Fraas, 
recognizing the same cause, says: “On the present soil of the 
Nile-land never again will any philosophical system be developed, 
and no power in the world could cause a unive rsity to arise there 
which should have even the most distant resemblance to a Euro- 
pean one.” The facts of this kind given are very numerous; a 
few only as examples of them are here cited. The fact of gradual 
desiccation is further sustained by reports ,with regard to the 

Sahara region, Central Africa and South America. 

In discussing causes for the desiccation in progress since the 
Cretaceous era, Protessor Whitney sets aside the idea of any 
effect from the removal of forests, and of any connection with 
the conditions of the Glacial era, remarking that writers on that 
era have confined the time of excessive precipitation and _ its 
decline to the Glacial and Champlain apg x or the Glacial period 
only. He then refers to the increase in later geological eras of 
the extent of land over the globe i in proportion to that of water as 
a real cause but a feeble one, it accounting for only a small part 
of the diminished precipitation, Finally, he takes up the question 

—‘** Has the solar radiation been diminis hing in inte nsity during 
all or any portion of geological time,” and decides that the earth’s 

temperature has been diminishing ; and for the reason that the 
sun has been losing in heating power. In the third part of Pro- 
fessor Whitney’s important memoir, yet to be published, he will 
endeavor to show that “the ideas maintained are not in conflict 
with the phenomena of the so-called Glacial epoch.” 
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2. Third Appendix to the Fifth Edition of Dana’s System of 
Mineralogy ; by Epwarp 8. Dana. 136 pp. 8vo. New York: 
(John Wiley & Sons).—This Third Appendix is stated to be de- 
signed to make the System complete up to January, 1882. It fol- 
lows the second Appendix after an interval of seven years, a period 
which has been remarkable for the unprecedentedly large amount 
of work done; these facts explain why the present Appendix is 
double the size of the preceding. It contains full descriptions 
of all species announced as new, some three hundred in number, 
and also references to all mineralogical memoirs, published during 
this period. From the latter many new analyses are quoted and 
new facts in regard to physical characters ‘and localities. A list 
of mineralogic: ul works and of miner ralogical journals is given in 
the Introduction. 

3. The Genus Monticulipora.—Mr. 8. A, Miter has an arti- 
cle in the Journal of the Cincinnati Society of Natural History, 
for April, 1882 (v, p. 25), showing that the subdivisions of this 
genus of fossil corals proposed by Professor H. A. Nicholson in his 
recent memoir, based on specimens from the Cincinnati group, in 
Ohio, have various objections, and criticising other points in the 
memoir. 

4. Handbook of Invertebrate Zoology for Laboratories and 
Seaside Work; by W. K. Brooks, Ph.D., Associate in Biology 
and Director of ihe Chesapeake Zoological Laboratory of the 
Johns Hopkins University. 392 pp. 8vo. Boston, 1882. (S. E. 
Cassino.)—An excellent work, well adapted for its purpose by its 
judicious arrangement and detailed directions for inv estigation, 
‘and its numerous and admirable illustrations, and attractive also 
in its letter-press. It is just the hand-book for a sea-side student 
in zoology, in fact for the learner in zoology any where. 

5. The Absorption of Metallic Oxides by Plants, is the title of 
an interesting paper read by Professor F. C. Puituips, of Western 
University, before the Engineers’ Society of West Pennsylv ania, 
in February last. It gives the history of what is known and 
thought about the effect of metallurgical works on adjacent vege- 
tation and the influence of poisonous oxides in the soil; and then 
adds a summary of experiments made by Professor Phillips upon 
great numbers of young plants of Coleus, Achyranthes, Agera- 
tum, pansies and geraniums, grown in pots for bedding, the 
object being to determine whether avy injurious effects are pro- 
duced upon plants by being grown in soil impregnated with cer- 
tain metallic oxides, and whether plants in a perfectly healthy 
state will absorb such oxides through their roots. The conclu- 
sions reached were : 

(1.) That healthy plants, grown under favorable conditions, 
may absorb through their roots small quantities of lead, zinc, 
copper and arsenic. 

(2.) That lead and zine may enter the tissues in this way with- 
out causing any disturbance in the growth, nutrition, and func- 
tions of the plant. 
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(3.) That the compounds of copper and arsenic exert a dis- 
tinctly poisonous influence, tending, when present in larger 
quantity, to check the formation of roots, and either killing the 
plant or so far reducing its vitality as to interfere with nutrition 
and growth. 

In the case of the heav y metals, copper, zinc, arsenic and lead, 
it seems to be probable that their oxides may under certain cir- 
cumstances become de ‘posited i in the tissues of the ple unt. 

6. Monographie des Composées, par H. Battiton. Paris, 1882. 
pp. 316.— This is the 8th volume of Baillon’s Aiistoire des Plantes. 
One-third of the volume is occupied with an exposition of the 
floral structure of composite plants, illustrated by the excellent 
wood cuts which so well set off this and other French botanical 
books, and with a sketch of the medicinal uses of these plants. 
In the remaining 212 pages the admitted genera are characterized 
in large and leaded type, with rather copious bibliographical 
references in foot-notes. Now Mr. Bentham filled 370 pages of 
the Genera Plantarum—pages of just the same size, but of fine 
type—with his characters of the tribes and genera of this order. 
In his laborious and conscientious review of the family, by a 
botanist who is not at all prone to the multiplication of genera, 
and who is thought in some cases to have gone too far in reduc- 
tion, the genera admitted (including a few addenda) amount to 
780. The difference in the bulk of the two works is accounted 
for by the reduction of the genera by Baillon to 403.  Baillon’s 
specialty is generic consolidation. Yet withal he keeps up several 
genera which we find it impossible to maintain; and there are 
others which should have been suppressed upon his principles, 
though not upon ours. Deducting these, the genera according to 
Baillon would be only half as many as those of Bentham and 
Hooker. Baillon is an able botanist and is entitled to have his 
own views. If his plan is not adopted, as being neither philo- 
sophical nor practically convenient, it is harmless as compared 
with the opposite extreme; and nothing can be easier than to 
double up the genera upon a preconceived line after all the ma- 
terials had been well elaborated beforehand. A. G. 

7. Guide to the Flora of Washington and vicinity, by Lester 
F. Warp, A.M. _ pp. 264, 8vo.—This capital piece of work is 
published by the U. 8. National Museum as Bulletin No. 22, and 
“one of a series of papers intended to illustrate the collections of 
natural history and ethnology belonging to the United States 
and constituting the National Museum, of which the Smithsonian 
Institution was piaced in charge by Act of Congress of August 
10, 1846.” 

The introductory portion treats first of the range of this “ flora 
Columbiana,” which is said to be limited on the north by the 
Great Falls of the Potomac and on the south by the Mt. Vernon 
estate ; it compares the present known flora of the district with 
that of 1830, as exhibited in the Flore Columbiane Prodromus 
by the botanical club of that day; describes in some detail the 
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localities of special interest to the botanist; indicates the flower- 
ing time of the plants and its variation in different years; tabu- 
lates and discusses the statistics of the flora; specifies the sixteen 
largest orders* (these furnishing 55 per cent of the genera and 62 
per cent of the species), also the 15 larger genera (beginning with 
Curex and ending with Asclepias) ; mentions the number of intro- 
duced species (193, of which 15 are natives of the United States, 
several indeed hard by), also of the trees (85); institutes com 
parisons with other floras; and particularly notes the abundant 
species, those which therefore impress their character upon the 
landscape. This is a particularly good point ; and we are pleased 
to find that the prominent forest trees, smaller trees, shrubs, 
woody climbers, and the more conspicuous herbaceous species are 
in turn enumerated. There are some critical and more explana- 
tory remarks about classification, generally to the purpose. (But 
it is a mistake to say that, in the New Genera Plantarum, “ Va- 
lerianella has been made coéxtensive with Fedia. European 
authors almost without exception keep up the two genera, it 
seems to us without good reason. Stedronemu was not adopted 
in that work only because the authors did not know the peculiar 
zestivation of the corolla; it was adopted here upon the discovery 
of this character.) There are good remarks upon common names, 
i. e. vernacular names; and it is well said ‘*that the best common 
name for a plant is always its systematic name, and this should 
be made a substitute for other popular names, whenever and 
wherever it can be done.” We have come to agree with DeCan- 
dolle, in urging that while vernacular names are freely to be used 
in their place, the "y ought never to be made. A deliberately man- 
ufactured vernacular name is a contradiction and a counterfeit. 
Exceptions there may be, where a generic name may be aptly 
translated, but these are few. 

The flora itself makes up only about 80 pages of this volume. 
it is a catalogue, without characters or synonymy,—these being 
at hand in the manuals and proper floras,—but with loes alities, 
time of flowering, and many particular observations. It should 
essentially facilitate and further the study of botany in and 
around the Distriet of Columbia. 

Following the flora is a “check list,” with ample room for 
notes, which occupies 69 pages. The uses of this are explained in 
the appendix. While the work itself is ealeulated for the meridian 
of Washington, the appendix will be very useful wherever there 
is any botanizing, or any disposition to botanize. It consists of 
“ suggestions to beginners’ ’ respecting the identification of plants, 
collection and preservation of specimens, the making and care of 
a herbarium, the management of duplicates, of exchanges, and 
ends with general remarks on herbarium work; all sensible, clear 
and instructive. Great is the need of such instruction, especialiy 
to young United States officers and others who make botanical 

* The first eight are Composite, 53 gen., 149 sp.; Gruminew, 43,110; Cyper- 
acee, 10, 108; Leguminose, 24, 57; Rosacew, 15, 46; Labiate, 23, 43. 
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collections in distant expeditions. The knowledge and the tact 
they may here acquire should make all the difference between 
a neat and scientifically valuable collection and one which is 
repulsive and worthless. 

If we rightly understand it, Mr. Ward’s plant-poison is not 
strong enough. We recommend that the alcohol should be satu- 
rated with corrosive sublimate, and then, if need be on account of 
efflorescence, that just a little aleohol be added. And the alcohol 
should be of the strongest. This appendix covers about the same 
ground as does Professor Bailey’s Botanist’s Hand-book, noticed 
in the preceding number of this Journal. Both are excellent, are 
needed, and we hope will be widely disseminated. In view of 
this, it may be expected that the appendix will be separately 
issued and be distributed by the Smithsonian Institution. a. 4G. 

8. Les Meilleurs Blés, Description et Culture des principales 
Variatés des Froments d’ Hiver et de Printemps, par Vicmonin- 
ANDRIEUX.—This is a handsome imperial 4to, of 175 pages of 
letter-press and 66 plates, each one admirably representing, in the 
natural size and colors, two heads of each sort of wheat and some 
separate grains; not only all the best varieties of Zritiewn 
sativum, but also of the cultivated spelts and other wheat species, 
T. turgidum, durum, Polonieum, Spe lta, Amyle Uni, and WIHOHROCOC- 
cum. Besides the details for each variety, in a page accompany- 
ing the figure, and some general considerations, there is an inter- 
esting chapter on the classification of the seven types or species 
and the many varieties of the common wheat. As this work is a 
practical one, only the better sorts (according to the title) are 
here described and illustrated. We may add that this volume 
comes from the collections and investigations of three generations, 
son and grandson having continued the collection and the studies 
commenced by the senior Vilmorin in the year 1820, Louis Vil- 
morin,—a capital investigator of all such questions,—published 
his Methodical Catalogue of Wheats in 1850, and died in 1860, 
since which the work has been prosecuted in the same spirit by 
the present editor, Henry Vilmorin. A. G. 

9. The Office of Resinous Matters in Plants; by Hueco De 
Vries. <A paper in the Archives Néerlandaises, vol. xvii, 1882.— 
The extract fills 24 pages, 8vo. It has been difficult to make even 
a plausible conjecture of the uses of the “ proper juices ” of plants. 
In their production a large amount of nutritive material 1s con- 
sumed; and for the most part they are stored up irretrievably in 
the plant, not being reconverted into nutritive material. This 
gave some color to the old idea that they are excrementitious. 
But, besides that under normal conditions they are not excreted, 
why should a pine-tree convert such an amount of its assimilated 
ternary matters into turpentine, which is merely to be excreted ? 
Or, if it be a bye-product, what useful production or beneficial end 
attends the production? If excrementitious, the tree should be 
benefitted by drawing it off. But, as De Vries remarks, and as 
the owners of the trees very well know, the process is injurious, 
and if followed up is destructive. It goes almost without saying, 
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now-a-days, that the turpentine is of real good to the tree, else 
turpentine-bearing trees would not exist. De Vries has made out 
a real use, which he thinks is the true function of the resiniferous 
matters in Conifer, and in other resin-producing plants. Resin- 
ous juice is stored in the tree as a balm for wounds. It is stored 
up under tension, so that it is immediately poured out over an 
abraded or wounded surface; for these wounds it makes the best 
of dressing, promptly oxidating as it does into a resinous coating, 
which excludes the air and wet, and other injurious influences, 
especially the germs or spores which instigate decay; and so the 
process of healing, where there is true healing or reparation, or of 
healthy separation of the dead from the living tissues, is favored 
in the highest degree. The saturation of the woody layers with 
resin, in the vicinity of wounds and fractures (as is seen in the 
light-wood of our hard pines), is referred to as effectively arresting 
the decay which parasitic fungi set up, this “fat” wood being 
impervious to mycelium. 

Latex or milky juice is a more complex product, of which cer- 
tain portions have been shown to be nutritive; but as to the 
‘saoutchone and the waxy matters they contain, De Vries insists 
that they subserve a similar office, are, in fact, a remedy,—a protec- 
tion against decay, a natural provision for the dressing of wounds, 
under which healing may most favorably proceed. A. G. 

10. A Popular Californian Flora; by Vounry Rarran.—This 
is the “Third Edition, Revised and Enlarged,” of a little book 


which we commended at its first appearance, and which, now that 
the Botany of California is published, has been somewhat extended. 
“Introductory Lessons in Structural Botany,” with copious wood- 
cuts, are prefixed. So that, all things considered, beginners in 
botany on the Pacific coast are fairly provided for. A. G. 


II]. MisceLLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Astronomical and Meteorological Observations made during 
the year 1877 at the U. S. N. Observatory ; Rear Admiral Joun 
RopGers, Superintendent. Washington, 1881.— This volume 
contains the results of the regular observations, and also six val- 
uable appendices. (1) Investigation of the Objective and Micro- 
meter of the 26-inch Equatorial, by E. 8. Holden; (2) The 
Multiple Star = 748, or the trapezium in Orion, by E. 8. Holden ; 
(3) The Solar Parallax from meridian observations of Mars in 
1877, by J. R. Eastman; (4) Longitude of the Cincinnati Obser- 
vatory (viz: 29" 29°33 west of Washington), by J. R. Eastman ; 
(5) Longitude of Morrison Observatory, Glasgow, Mo., by J. R. 
Eastman and H. 8, Pritchett (viz: 1" 3™ 5°°926 west of Washing- 
ton); (6) Observations of Double Stars, by Asaph Hall. Several 
of these appendices have been noticed in previous numbers of this 
Journal. 

2. American Association.—The next meeting—the thirty- 
first—of the American Association for the Advancement of 
Science, will be held at Montreal, Canada, commencing August 
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23. The President of the meeting is Principal J. W. Dawson, of 


McGill University, Montreal. As now arranged there are nine 
sections, the Vice-Presidents of which are as follows:—A. Mathe- 
matics and Astronomy, Wm. Harkness; B. Physics, T. C. 
MenpENHALL; C. Chemistry, H. C. Botrox; D. Mechanical 
Science, W. P. Trowsrince; E. Geology acd Geography, :. T 
Cox; F. Biology, W. BH. Daz: G. Histolog r and Microscopy, 
A. Th. TUTTLE; H. Anthropology DANIEL "racers I. Eeo- 
nomic Science, and Statistics, E. LB. EL Liotr. A large meeting is 
expected. The local arrangements are being perfec ted by a local 
committee, of which Dr. T. Sterry Hunt is chairman. Of foreign 
scientists who have been specially invited, the following have 
signified their intention of being present: Szané of Buda-Pest, 
Rénarp of Brussels, SrepHanesco of Bucharest, W. B. Car- 


PENTER of London, Samuret HauGuron and Firzaeraup of 


Dublin, and Sottas of Bristol. 

3. Treatise on Astronomy, Spherical and Physical ; by W. A. 
Norton. 5th edition revised and enlarged. New York. (Wiley 
and Sons.)—In this new edition of his well known and much val- 
ued work the author has, besides embodying the recent researches 
and discoveries, added in the appendices new investigations and 
theoretical discussions in Astronomical Physics. 


Abstract of a Report upon the Geology and Mining Industry of Leadville 
Colorado, by S. F. Emmons, Geologist-in-charge Rocky Mountain Division. U. S. 
Geol. Survey. pp. 203-290, with two colored plates, from the Annual Report of 
the Director of the U. 8. Geol. Survey, transmitted Dec. 1.1881. Washington, 1882. 

teport upon Experiments and Investigations to develop a system of Submarine 
Mines for defending the Harbors of the United States. Submitted to the Board 
of Engineers, by Lieut. Col. Henry L. ABpot, Corps of Engineers, Brevet Briga- 
dier General, U. S. A., member of the Board, - bp. 4to. Washington, 1881 
Professional papers of the Corps of Engineers, U. No. 2 

Insects Injurious to Forest and Shade Trees, te A. S. Pac KARD, Jr., M.D. 
Bulletin No. 7 of the U. 8. Entomological Cofnmission, Dept. of the Interior. 
276 pp. 8vo. Washington, 1881. 

Report on the Meteorology of Tokio for the year 1880. by T. C. MENDENHALL, 
Ph.D., Professor Experimental Physics in Tokio, Daigaku. Memoirs of the 
Science Dent. of the Univ. of Tokio. The work contains a thorough discussion of 
the subject, with numerous tables, charts and diagrams. 

Bulletin of the U. 8S. National Museum, No. 11. Bibliography of the Fishes of 
the U.S. Pacific coast to the end of 1879, by T. Gini. Washington, 1882. 

Results of Meteorological Observations at Providence, R. I.. for 45 years, from 
1831] to 1876, by ALEXIS CASWELL. Smithsonian Contributions, No. 443. 34 pp. 
4to. Washington, D. C., 1882. 

Bulletin of the Natural History Society of New Brunswick, St. John, N. B. 
No. 1. 72 pp. 8vo. 1882. 

Descriptions of New Species of Fossils from Ohio, with rem me on the geolog- 
ical formations in which they occur, by R. P. WHITFIELD. March, 1882. Vol. | 
No. 8 of the Annals N, Y. Acad. Sci 


OBITUARY, 

Sir Coartes Wyvitte Tuomson.—Sir Charles Wyville Thom- 
son was born March 5th, 1830, at Bonsyde, Linlithgow, Scotland, 
where he died March 15, 1882. His father, a surgeon in the ser- 
vice of the East India Company, intended to make him a physi- 
cian. But the medical profession had no charm for him except 
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as it concerned the study of nature, and he gave up the thought 
of practice and accepted a lectureship on botany, first at King’s 
College, Aberdeen, and afterward at Marischal C ollege. During 
the two years of his lectureship he devoted much of “his time to 
the study of the Invertebrates, and at the age of twenty-three he 
was appointed Professor of Natural History at Queen’s College, 
Cork. Here he remained but a year, being called in 1854 to the 
Professorship of Mineralogy and Geology at Queen’s College, 
Belfast, a position which he oceupied till he became the successor 
of Professor Allman as Regius Professor of Natural History in 
the University of Edinburgh. This post he resigned a few 
months before his death on account of ill-health. 

The versatility of Professor Thomson’s attainments is shown by 
the variety of learned posts, all of which he filled with marked 
distinction. While at Belfast he wrote the greater number of 
those zoological memoirs which gave him an eminent rank 
among naturalists. Thoroughly devoted to the interests of Bel- 
fast, he brought together collections for the college there which 
were of value and importance. In the meantime Thomson’s 
interest was early and strongly aroused by the investigations 
of the Norwegian and American naturalists into the fauna 
inhabiting the depths of the sea. Satisfied that so ardent and 
able a naturalist could not fail to turn any means placed in his 
hands to the best account, the government was induced to give 
him in successive years the “ Lightning” and the ‘ Porcupine,’ 
and finally the “ Challenger” and the “ Knight Errant.” The 
first and second of these explorations into that submarine world 
which is the land of promise of the naturalist, were directed by 
Dr. Wm. Bb. Carpenter, Mr. Jeffreys and Professor Thomson, and 
the results were embodied by Thomson in a most attractive vol- 
ume entitled, “The Depths of the Sea,” by far the most interest- 
ing account which has ever appeared of the new zoological 
problems suggested by similar expeditions. Stimulated by the 
success of these two voyages of discovery, the Royal Society of 
London appointed a committee to urge upon the government the 
wisdom of fitting out another expedition on a gigantic scale. 
To this the government acceded, and in 1873 the “ Challenger’ 
started on her memorable voyage. The scientific direction of the 
expedition was intrusted to ‘Thomson and for three years he and 
his colleagues were at work searching the depths of the Atlantic, 
the Pacific, and extending their researches far toward the Antare- 
tic pole. The cruise was in ev ery way successful, broken by only 
one untoward event, the death of Dr. R. von Willemoes Suhm. 
During this famous expedition the “Challenger” sailed over 
70,000 miles of sea, pausing at 362 stations, at each of which, sys- 
tematic observations were made by the naval officers and the 
civilian staff of investigators. Not only were most extensive col- 
lections made illustrating the novel and wonderful fauna charac- 
teristic of the ocean depths, but physical observations of the 
greatest importance were taken, and materials were brought 
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together for the first hydrographic sketch map of the great 
oceanic basins, as well as records and measurements of tempera- 
tures and currents wherever such were feasible. 

These immense collections were sent home from time to time, 
and on the return of the expedition the working up of the whole 
mass of material was entrusted to its scientific director, Sir 
Charles Wyville Thomson. He selected as his assistants the best 
known specialists in the different branches of the animal kingdom, 
and three volumes of the zoology have already appeared. Un- 
happily Thomson’s own part of the work is but little advanced, 
and the crinoids and sponges which he hoped to work up himself 
must now pass into other hands. Only two volumes of his gen- 
eral account of the voyage of the “C hallenger” have been pub- 
lished, under the title of “The Atlantic.” The material for the 
other intended volumes on the Pacific and the Southern ocean 
exist only in the form of notes, and in the sketch of the results of 
the “Challenger” expedition, given by Thomson in his address 
as President of the Geographical Section of the British Associa- 
tion at its Dublin meeting. 

The death of such a man at a comparatively early age, before 
he had time to gather in the harvest he had so fairly won, is not 
only sad in itself but is a great loss to science. His extensive 
and exact knowledge in many fields of biology would have ena- 
bled him to put together the varied results of his expedition as 
no one else can do it. 

Thomson was a general favorite, beloved not only by his col- 
leagues but by his students who flocked to his lectures. Natural 
History was perhaps never more popular than while he held the 
professorship, which had been occupied in turn by Jamieson, 
Forbes and Allman. His relations with his foreign associates 
were always frank and kindly, and those who had the good for- 
tune to meet him parted trom him not only as from an old friend, 
but also with sincere admiration for his character and extensive 
attainments. A, AG. 

General Joun G, Barnarp, of the Department of Engineers, 
U.S. Army, died on the 14th of May. General Barnard was an 
able mathematician, and the author of papers on Projectiles, the 
Gyroscope, the Tides and other subjects. 

Cnuartes M. Wuearttey, of Phenixville, Pennsylvania, Min- 
ing Enginee r, Pt on the 6th of May. Mr. W heatley’ s dis- 
coveries of a Saurian bone-bed near Phenixville in the Mesozoic 
shales of the region, and of a Quaternary Cave in Eastern Penn- 
sylvania containing bones of the M: astodon, Megalonyx and other 
extinct species, were of the highest interest to American geology. 

Wirtiam 8S. Vaux died at Philadelphia on the 5th of May. 
Mr. Vaux used his wealth largely for scientific purposes. He 
gathered one of the finest collections of minerals in the country, 
and besides a large archeological collection. Among his bequests, 
there is one of $10,000 to the Academy of Natural Sciences, and 
another, of his C ollection of Etrusean Potter y, to the Pennsylvania 
Museum and School of Industrial Art. 
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